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PREFACE 


In  this  I)(U)k  1 hax'c  attcni|)lc'(l  to  j^atluT  loffcthcr  in  a concise  and 
j)i'aclical  way,  the  information  necessary  lor  a student  taking  uj)  the 
study  of  medical  entomoloj^y,  or  for  the  health  ollicer  working;  in 
the  lield  of  pre\-ental)le  diseases  transmittial  by  anthr()|)ods. 

’I'ln‘  suhji'ct  is  lai\ye  and  any  one  of  its  branches  is  a s])ecialty  in 
itself.  .Much  of  the  literature  appears  in  the  form  of  se])arate  articles 
in  serial  ])ublications,  or  as,  monographs,  bulletins,  etc.  d'herefore  it 
is  ho])ed  that  this  book  which  aims  to  give  only  the  essentials  for 
public  health  practice  may  be  found  to  be  helpful  and  worth  while. 
.\s  the  time  of  the  student  is  limited,  and  this  is  ])articularly  true 
of  the  student  officers  forming  my  classes,  I have  not  burdened  the 
te.xt  (for  which  no  claim  to  originality  is  made)  with  references; 
therefore,  mention  must  be  made  here  of  my  indebtedness  to  the 
writings  of  those  who  have  devoted  their  time  to  the  subject,  and 
particularly  (i.  H.  F.  Xuttall,  C'ecil  Warburton,  Nathan  Hanks, 
H.  F.  If  wing,  t'.  W.  Stiles,  X.  Charles  Rothschild,  Karl  Jordan, 
Carl  F.  Baker,  LI.  Lloyd,  \'.  L.  Kellogg,  C.  F.  Farris,  Edward  R. 
Stitt,  \’ictor  H.  X'aughan,  \\’.  B.  Herms,  Herbert  Osborn,  O.  Fnder- 
lein.  L.  ().  Howard,  H.  0.  Dyar,  F.  Knab,  J.  M.  Aldrich,  R.  C. 
Shannon,  W.  H.  W.  Komp,  C.  S.  Ludlow,  Bruce  Mayne,  J.  A. 
LeRrince,  J.  \V.  Folsom.  J.  H.  C'omstock,  F.  b.  Cresson,  Jr.  and  \V.  R. 
Walton;  to  W.  S.  Patton  and  h'.  W.  ('ragg  and  their  ^•aluable  “Text 
Book  of  Medical  Entomology;”  to  Aldo  ('astellani  and  Albert  J.  Chal- 
mers and  to  the  \-arious  authors  who  ha^•e  contributed  to  Byam  and 
Archibald's  “Practice  of  Medicine  in  the  Propics,"  as  well  as  to  the 
authors  of  the  various  official  jiublications  of  the  Bureau  of  Ento- 
mology, C.  S.  Department  of  Agriculture,  the  C.  S.  Public  Health 
Serx'ice  and  State  Departments  of  Health. 

I am  greatly  indebted  to  Doctor  Philip  P.  Cah'ert,  Professor  of 
Zoology  in  tin-  Cni\ei>ity  of  PennsyKania.  to  Doctor  Henrv  E. 
Ewing  of  the  Bureau  of  Entomology,  C.  S.  Dejiartment  of  Agri- 
culture, and  to  Prolessor  ('.  W.  Stik-s,  U.  S.  I’ublic  IL'alth 
Service  for  tlu'ir  kindness  in  reading  the  manuseript  and  offi'ring 
many  \ aluable  suggestions;  to  Surgeon-(  leiieral  Hugh  S.  ('umming, 
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U.  S.  Pulilic  Hcaltli  Service,  for  i)ermission  lo  use  illustrations  belong- 
ing to  the  Hygienic  Laboratory,  many  of  which  were  made  by  the 
artist  Mr.  L.  H.  Wilder,  under  the  i)ersonal  supervision  of  the  author 
for  his  class  at  the  Laboratory;  and  to  Commander  J.  R.  Phelps 
(M.  C.)  U.  S.  Navy,  Assistant  Surgeon-Cieneral  Henry  R.  Carter 
and  Surgeon  (Jeorge  W.  McCoy,  U.  S.  Public  Health  Service  for 
advice  and  assistance  in  pre{)aring  the  chapters  on  diseases  trans- 
mitted by  arthropods. 

Carroll  Fox. 
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MEDICAL  ENTOMOLOGY 
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INSECTS  AND  DISEASE  OF 

MAN 


ClIAl’TKR  1 

Enioniology  is  tliat,  ])arl  of  Zoology  which  treats  of  insects. 
iMedical  entomology  may  be  defined  as  that  ])art  of  entomology 
which  treats  of  those  insects  which  are  directly  or  indirectly  con- 
cerned with  the  occurrence  or  spread  of  diseased  conditions  in  human 
beings  or  animals  or  which  serve  as  pests.  It  is  generally  agreed 
that  the  term  may  include  acarines  or  other  arthropods  which  have 
been  implicated  in  the  occurrence  or  spread  of  disease. 

The  Arthropoda.  The  T'hylum  Arthropoda  is  that  great  sub- 
dic  ision  of  the  animal  kingdom,  the  members  of  which  are  inverte- 
brates having  paired,  jointed  appendages  to  the  segments  of  the 
head,  thorax  and  sometimes  the  abdomen;  a ventral  nervous  system; 
a dorsal  digestive  system  and  an  ecto-skeleton.  The  Phylum  is 
subdivided  into  the  following  classes: 

Class  Insecta  (Insects,  sometimes  spoken  of  as  Ilexapoda) 
Class  Arachnida  (Mites,  spiders,  scorpions) 

Class  Crustacea  (Crabs,  lobsters,  shrimps,  Cyclops,  sow  bug) 
t'lass  Myriapoda  (('entipedes  and  millipedes) 

Class  Protracheata  (Peripatus) 

CLASS  INSECTA 

(The  Insects) 

General  Considerations,  'i'he  bod_\'  of  an  insect  is  conpiosed 
ot  a head,  a thorax  and  an  abdomen. 

I he  head  is  jirovided  with  eyes,  simple  or  compound  or  both, 
two  antennae  or  feelers,  and  the  mouth  parts  including  tlu'  maxillary 
palpi.  The  structure  of  the  mouth  parts  varies  depending  upon  the 
leeding  habits  of  the  insect,  d'hey  may  be  masticatory  or  suctorial 
and  may  be  adapted  to  piercing  or  culling  the  skin  and  sucking  blood. 
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'I'lu'  tliorax  is  divided  into  three  settments,  the  i)r()-  meso-  and 
nieta-thorax.  I'iach  segment  is  di\ided  into  two  main  ])ortions  the 
tergites  or  nota  forming  the  dorsal  ]iart  and  the  sternites  the  ventral 
part.  The  lateral  surfaces  are  known  as  the  ])leura.  Fnmi  both 
sides  of  each  sternite  there  arises  a leg,  making  three  ])airs  of  legs  in 
all.  Faeh  leg  is  eomi-josed  of  a coxa,  trochanter,  femur,  tibia  and 
tarsus.  From  each  side  of  the  meso-  and  metathorax  there  arises 
a wing,  making  two  pairs  of  wings  in  all.  This  however  is  not  true 
t)f  all  members  of  the  Cdass  for  in  the  Order  Diptera  there  is  but  one 
pair  of  well  developed  wings  the  second  or  hind  pair  being  rudi- 
mentary; in  some  of  the  Hemiptera  there  are  merely  vestiges  of 
one  [Kur  of  wings  only,  while  in  the  Orders  Siphonaptera  and 
.\noplura  wings  are  entirely  wanting. 

There  is  no  osseous  system.  The  hard  chitinous  integument, 
the  ecto-skeleton,  which  invests  the  body  of  the  insect  serves  not 
only  as  a ])rotccting  covering  to  the  soft  parts  but  as  an  attachment 
for  muscles,  as  well  as  to  maintain  rigidity. 

'I'here  is  no  vascular  system.  The  blood,  which  is  colorless, 
circulates  in  the  body  cavity  and  is  kept  in  circulation  by  passing 
through  a thin-walled  pulsating  aorta  located  in  the  extreme  dorsal 
part  of  the  abdomen  and  thorax. 

There  is  no  lung  or  gill.  Air  is  taken  in  through  stigmatic  oi)en- 
ings  located  on  the  sides  of  the  thorax  and  abdomen.  It  is  carried 
to  the  most  remote  parts  of  the  body  by  a system  of  branching 
tracheae  which  have  their  origin  at  the  stigmatic  o})enings. 

d'he  central  nervous  system  is  represented  by  a chain  of  ganglia 
running  close  to  the  ventral  wall,  from  the  hc'ad  through  the  thora.x 
and  into  the  abdomen,  d'he  first  or  largest  ganglion,  the  brain,  is 
located  in  the  head  and  is  pierced  by  the  oesophagus. 

'I'he  siiecial  senses  are  well  develojied. 

The  kidneys  are  represented  by  the  Maliiighian  tulndes  which 
empty  into  the  intestines. 

'I'he  digestive  system,  the  salivary  glands  and  the  reproductive 
organs  are  well  develojied.  Fhe  sali^'ary  glands  and  theii  duct^ 
have  no  connection  with  the  alimentary  tract,  other  than  the  buttal 
cavity. 

Ihe  number  ol  segments  ol  the  abdomen  e’aiies.  Ihvic  .iit 
normally  ten,  the  terminal  segments  being  modilied  to  form  the 
accessory  organs  of  generation,  liach  segment  is  com])osed  of  a 
tergite  dorsally  and  a sternite  ventrally.  'I'hey  are  connected  to 
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c';uh  other  by  a soft  membrane.  I'he  meml)ran(‘  I'onneetin.n  the 
ler,tj;ite  with  the  sternite  contains  thi'  opening  ol  th(‘  trachea  and  is 
called  the  pleural  membrani'. 

'The  body  of  an  insect  is  furnislu'd  with  sidae  (hairs  and  bristles), 
and  at  times  with  spines  and  ])erhaps  with  s])iirs. 

l)(.']H'ndiipc!:  on  thesi)i'cies  an  insect  in  its  lile  cycle  may  undergo 
a complete  or  an  ineomplett'  im'lamorphosis.  d'he  lormer  re(|uires 
four  stayes  namely,  eyy.  larca,  i)ui)a  and  imayo  or  adult.  (Irowth 
occurs  in  the  larval  slaya',  the  larva  shedding  its  old  skin  as  it 
increases  in  si/.e,  a new  one  having  formed  to  take  the  ])lace  ol  the 
old.  'I'he  larva  is  active  and  c'oracious.  When  fully  grown  it  turns 
into  a jnipa  in  which  stage  the  insect  ceases  to  eat  and  is  usually 
c|uiescent  but  may  be  active  as  in  the  case  of  mos(juitoes.  It  is 
in  the  i')upal  stage  that  the  wonderful  changes  take  place  which 
transform  the  lowly  wt)rmlike  larva  into  the  fully  developed,  highly 
organized  adult  insect. 

'I'he  incomplete  metamorphosis  is  somewhat  different.  'I'he 
young  emerge  from  the  egg  looking  not  unlike  the  adult  except  in 
size,  color  and  hardness.  'I'hey  eat  the  same  food  as  the  adult. 
These  immature  forms  grow  by  successive  moultings  similar  to  the 
larval  stage  of  the  com{)lete  metamorphosis,  'bhe  sexes  are  not 
differentiated  until  the  final  moult  which  results  in  a fully  formed 
and  fully  grown  insect.  These  immature  moulting  forms  correspond 
to  the  larval  and  juipal  stages  of  the  complete  metamorphosis. 

'I'here  are  a number  of  Orders  in  the  Class  Insecta  which  are  of 
no  interest  in  preventive  medicine  even  though  economically  they 
may  be  of  great  im])ortance  because  of  their  destructive  intluence 
on  growing  vegetation.  If  these  are  excepted  together  with  those 
insects  which  can  sting  but  can  not  bite  and  those  which  have  habits 
not  endangering  the  health  of  man.  it  is  found  that  the  insects  which 
are  concernerl  in  the  present  study  fall  within  live  Orders,  namely 
the  Diptera  (llies  and  mosquitoes),  the  Si])honaptera  (Ileas),  the 
.\noplura  (lice),  the  Ilemiptera  (bugs)  and,  not  so  imj)ortanl.  the 
Orthoptera  (roaches). 


CHAPTER  ir 


THE  DIPTERA 

( I he  Flies  and  Mosquitoes) 

Description.  Insects  ol  this  Order  are  characterized  Ijy  having 
two  well  developed  transparent  wings,  with  a seconfl  ])air  of  rudi- 
mentary wings  or  halteres,  the  so  called  balancers.  The  mouth 
parts  are  well  developed  and  adapted  to  piercing  and  sucking,  or  to 
suction  only.  The  mesonotum  forms  a large  part  of  the  thorax. 
Its  dorsal  aspect  forms  a plane  surface  but  it  may  be  interrupted  by 
a transverse  suture,  or  by  a marked  V-shaped  suture  as  in  the  Tipuli- 
dae  (crane  flies) . There  are  two  compound  eyes  anrl  in  some  species 
ocelli  or  simple  eyes  are  also  present.  The  metamorpho.sis  is  com- 
plete, that  is,  the  insect  passes  through  the  four  stages  of  develop- 
ment egg,  larva,  pupa  and  adult  insect.  In  some  Diptera  the  egg 
is  not  laid  but  develops  in  the  body  of  the  female  which  then  gives 
birth  to  a larva. 

Like  all  insects  the  body  is  divided  into  a head,  thorax  and 
abdomen. 

The  Head.-  In  certain  large  groujis  of  the  Diptera  there  is  to 
be  seen  an  anterior  depressed  area  on  the  head  known  as  the  lunula 
which  is  bounded  by  an  arched  suture,  the  ptilinal  suture,  passing 
over  the  base  ol  the  antennae.  This  suture  represents  the  invagi- 
nated  ptilinum  or  the  vesicle  with  which  the  fully  developed  insect 
breaks  its  way  out  of  the  pujnd  covering.  The  antennae  may  be 
many  or  few  jointed,  and  may  have  on  the  third  joint  a bristled 
aj)j)endage  called  the  arista,  or  a style,  d'he  mouth  parts  consist 
ol  a labrum  (with  which  may  be  combined  an  e])ipharynx)  mandibles, 
maxillae,  hypopharynx  and  labium.  'Fhese  however  differ  greatly 
in  the  different  families. 

The  Thorax.-  d’he  thorax  is  divided  into  the  prothorax,  the  meso- 
thorax  and  the  metathorax,  h'rom  each  side  of  the  mesothorax 
between  the  sternite  and  tergite  dorsally  of  the  epimerum  there 
arises  a wing  and  farther  ])osteriorly  may  be  seen  the  smaller,  club 
shaped  halteres  arising  one  on  each  side  of  the  melathorax.  The 
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(lispositii)ii  of  tlu‘  \rins  in  tlu'  winj^s  is  ol  iniportaiu’c  in  classilyiipi^ 
the  members  of  the  l)ii)U'ra  as  are  also  the  presence  or  absence  ol 
setae  (scales,  hairs  and  bristles).  The  discal  cclL  when  i)resent,  is 
a ,tt;oo(l  land-mark  from  which  to  locate  other  win<f  characters.  It 
is  bounded  by  the  4th.  and  5th.  loiyuitudinal  veins.  membranous 
prolongation  backwards  from  btmeath  the  base  ol  the  wing  and 
known  as  tlu'  squama  may  be  pri'sent  and  may  be  so  large  as  to 
conceal  the  halteres. 

Legs.  The  tarsus  consists  of  five  segments,  the  last  segment 
ending  in  two  ehnes  and  often  two  pulvilli  which  when  develoj)ed 
are  membranous  pads.  Between  the  pulvilli  may  be  ])resent  what 
is  called  ihe  em podium,  which  may  be  absent,  bristle-like  or  tapering, 
or  may  be  puh'illiform  (membranous  like  the  pulvilli). 

Abdomen.  The  abdomen  is  normally  divided  into  ten  segments, 
the  terminal  segments  being  modilied  in  the  dit'ferent  sexes. 


CLASSIFICATION  OF  THE  DIPTERA 

Diptera  may  be  classified  into  certain  large  groups  according  to 
the  characters  of  the  larva,  the  jnipa,  and  the  antennae,  as  follows: 

First,  they  are  divided  into  two  great  Suborders  depending  upon 
the  means  of  escajie  of  the  adult  from  the  pujial  covering.  If  by  a 
dorsal  d'-sha])ed  slit,  they  are  placed  in  the  Suborder  Orthorrhapha. 
'I'he  larvae  of  this  Suborder  have  a distinct  head.  If  the  adult 
escajies  by  a circular  ojiening  in  the  head  end  of  the  jnipal  case  it  is 
placed  in  the  Suborder  Cyclorrhajiha.  Larvae  of  this  Suborder 
are  without  a distinct  head. 

The  Suborder  Orthorrhajiha  is  then  subdivided  into  two  Sections, 
one,  Hrachycera  or  Orthorrha])hous  Dijitera  with  short  antennae, 
and  one,  \ematocera  or  Orthorrhaphous  Dijitera  with  long  antennae. 
The  former  are  then  lurther  divided  into  those  ha\'ing  two  well 
defined  jmlvilli  and  a pulvilliform  emiiodium,  the  Brachveera  homo- 
dactyla,  and  those  which  if  they  have  two  pulvilli  and  an  empodium, 
the  latter  is  bristle-like  and  does  not  resemble  a pulvillus,  the  Hrachv- 
cera  heterodactyla. 

The  Suborder  ('yclorrhapha  is  divi(h‘(l  into  three  sections  namclv, 
.Aschi/.a.  Schizojihora  and  I’upipara.  'I'he  Aschiza  contains  no 
s])ecies  known  to  bite  man.  'I'he  Schizophora  contains  the  true 
dies.  'I  his  Section  is  subdix'ided  into  two  tribes  dc|H‘nding  u|)on 
whether  the  scpiamae  are  small  or  rudimentary,  Aluscoidea  acalyi)- 
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traluo,  or  whether  they  are  lar^e,  Aluseoidea  ealyj)tratae.  The 
third  Seetion  is  known  as  Pupii)ara  I)eeause  the  fully  developetl 
larvae  are  passed  directly  from  the  body  of  the  adult  female.  It 
must  be  ke])t  in  mind  that  certain  tlies  of  the  other  groups  are  also 
larN'ipa  rous. 

Key  to  Some  of  the  Families  in  the  Order  Diptera 

1.  .\bdomcn  indistinctly  segmented,  sac-like;  integument  leathery;  body  tlat- 

tened  dorso-ventrally;  wings  jiresenL,  absent  or  vestigial  (Page  in). 

Pupipara 

Abdomen  distinctly  segmented;  wings  rarely  absent 2 

2.  Antenna  long  and  composed  oi  more  than  si.\  segments,  all  but  the  first  two 

similar;  arista  absent;  discal  cell  usually  absent  (present  in  Tipulidae  and 
Rhyjihidae);  anal  cell  widely  open  at  margin 

Suborder  Orthorrhapha,  Section  Nematocera 3 

.■\ntcnna  short  and  composed  of  three  (or  four)  segments,  differing  from 
one  another,  the  third  joint  simjile,  annulated  or  jiseudo-segmented,  with 
or  without  style  or  arista;  discal  cell  rarely  absent;  anal  cell  closed  or 
narrowed  at  margin,  rarely  absent 8 

3.  \\  ing  venation  much  reduced,  fewer  than  nine  veins  reach  margin  of  wing  4 

Nine  or  more  veins  reach  margin  of  wing  (Fig.  4) ^ 

4.  Antenna  shorter  than  thora.x,  rather  stout,  never  plumose  and  composed 

of  ten  or  eleven  closely  united  segments;  abdomen  in  both  se.xes  with  a 
conspicuous  tlap-like  scale  at  base  of  dorsal  surface  which  is  detached 
posteriorly  and  tringed  with  long  hairs;  rather  stout  short  insect  (Page  50) 

Simuliidae 

Antenna  longer  and  slender,  usuall}'  feathery  in  the  males;  abdomen  with- 
out llap-like  scales  at  anterior  corners  (Page  50) Chironomidae 

5.  All  cross  veins  placed  towards  base  of  wing  (beh)re  the  middle)  and  body 

very  hairy  or  scaley;  minute  moth-like  tlies  (Page  51) Psychoditlae 

One  or  more  cross  veins  at  or  beyond  middle  of  wing;  unlike  minute  moths 
in  ai)pearance 6 

6.  Ocelli  i)resent Rhyphidae 

Ocelli  absent 7 

7.  Mesonotum  with  a \'-shaped  suture;  usually  a discal  cell  and  two  anal 

veins  present Tipulidae 

Mesonotum  without  suture;  wings  never  with  two  anal  veins  or  a discal 
cell;  veins  clothed  with  scales;  posterior  margin  r)f  wings  with  a close 
fringe  of  .scales  (Page  10) Oulicidae 

8.  'I'hird  longitudinal  vein  usually  forked;  empodium  often  pulvilliform; 

arista  or  style  i)resent  or  absent,  when  pre.sent  usually  terminal;  antenna 

usually  prominent,  projecting;  lunula  and  |)tilinal  suture  absent q 

'I'hird  longitudinal  vein  never  forked;  empodium  never  i)ulvillit\)rm ; arista 
usually  dor.sal,  rarely  absent;  antenna  pendulous;  lunula  or  lunula  and 


pi ilinal  sul ure  present 22 

9.  'Phinl  longitudinal  vein  forked 10 


nil.  i)ii’ii:K.\ 


/ 


I’hird  ioiigil udinal  vein  not  forked ’o 

10.  1 'ij'eal  eel  I small,  lilt  le  if  any  longer  1 lian  hroad ; suheostal  and  isl 2nd.,  and 

_^rd.  longitudinal  wins  erowded  together  near  roslal  horder. 

St  rat  iomyiidae 

Diseal  cell  distini’tly  longer  than  broad;  veins  not  erowded  together  as 
al)o\’e ' ^ 

11.  I'hird  segnjent  of  antiaina  annulated,  without  styk'  or  arista 12 

'I'hird  segment  of  antenna  sim|)le,  with  or  without  style  or  arista 14 

12.  Siiuamae  large;  third  sr'gmiMit  of  antenna  marked  with  Ironi  lour  to  eight 

annuli  or  rings;  ti\v  posterior  eells;  lorks  ol  third  win  inelose  ape.x  ol  wing 


(I-'ig.  22)  ( I’age  5,0 Tahanidae 

Squamae  small i.S 

i,v  i'ourth  iiosterior  eell  closed Xylomyiidae 

I'ourth  posterior  cell  open Xylophagidae 


Coenomyiidae 


14.  X’ertex  hollowed  out  between  the  eyes 15 

N'ertex  plane  or  eon\’ex 16 


15.  .\ntenna  four  segmented  more  or  less  clubbed  at  end;  [iroboscis  tleshc'al 

lip;  isl..  2nd.,  and  .-ird.  longitudinal  wn'ns  coalescing  before  the  apex  ol 
wing;  4th.  longitudinal  win  terminating  before  apex  of  wing  Mydaidac 
.\ntenna  three  segmented  with  or  without  terminal  style;  proboseis  {lointed 
;it  ti{);  longitudinal  veins  not  as  above Asilidae 

16.  Squamae  wry  large,  head  very  small,  thorax  and  abdomen  large;  forks  of 

5 rd.  longitudinal  vein  ending  before  apex  of  wing .\croceridae 

Squamae  small  or  vestigial 17 

17.  Forking  of  3rd.  longitudinal  win  tending  to  inclose  apex  of  wing,  at  least 

the  jiosterior  branch  of  the  fork  ending  behind  the  ajiex  of  wing 18 

Both  branches  of  third  longitudinal  vein  ending  before  the  apex  of  wing; 
antenna  without  style  or  arista;  three  posterior  cells Scenopinidae 

iS.  Kmpodium  jmlvilliform;  live  [losterior  cells  usually  o[)en;  antenna  with 

style  or  arista;  abdomen  taiiering Leptidae 

Fimj)odium  rudimentary  or  absent 10 

IQ.  With  five  posterior  cells,  the  fourth  narrowly  open  or  closeil;  anal  cell 

usually  closed;  style  usually  present;  alidomen  tajiering Therevidae 

With  four  jrosterior  cells  (rarely  3 or  5);  ist  jiosterior  cell  narrowh'  oiien 
or  clo.sed;  anal  cell  narrowly  open  or  closed;  antennae  with  or  without 
style;  alxlomen  not  tapering Hombyliidae 

20.  X’eins  near  costal  border  strong,  those  extending  across  wing  wetik;  antenna 

apptirenlly  comjiosed  of  one  globular  segment  with  a three  segmented 

arista;  small,  black,  hunclwbacked  llies I’horidae 

X'eins  not  as  above 21 

21.  Discal  and  ba.sal  cells  not  sejiarated  by  a vein;  anal  cell  vestigial;  usually 

bright  metallic  blue  or  green  llies 1 tolicopodidae 

Itiscal  and  basal  cell  distinct;  anal  cell  present  but  small I'im[)idae 

22.  l,unula  |)resenl,  plilinal  suture  absent;  third  segment  of  antenna  simple; 

arista  either  terminal  or  dorsal. 

Suborder  Cyclorrhapha  Section  .\schi/,a . . . . 24 
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23- 


24. 


25- 


u 


26. 

27. 


28. 


29. 

30. 


31- 


32. 


33- 


I’lilinal  suture  well  delined;  lunula  present;  anteniTa  lie  in  sej)aratc  grooves 
and  arc  comimsed  of  three  simjjle  segments;  arista  well  developed,  dorsal; 
anal  cell  usuall)-  present,  small;  three  posterior  cells. 

Suborder  ('yclorrhai)ha.  Section  Schizophora.  . . . 23 
Squamae  large;  thora.x  with  comirlete  transverse  suture;  subcostal  vein 

present  well  devcloi)ed Aluscoidea  Calyirtratae.  . . .25 

Squamae  small  or  rudimentary;  thora.x  without  comjdete  transverse  suture; 
subcostal  vein  often  small  or  rudimentary. 

Aluscoidea  Acalyptratae . . . .31 
Wings  with  a spurious  longitudinal  vein  (a  thickening  of  the  membrane) 
between  the  3rd.  and  4th.  longitudinal  veins;  arista  usually  dorsal  occa- 
sionally with  terminal  style;  no  antennal  grooves  (Page  60).  . .Syrphidae 
Without  spurious  vein;  head  very  large  and  composed  almost  entirely  of 

eyes;  arista  dorsal Pipunculidae 

Alouth  {)arts  greatly  reduced,  almost  absent,  mouth  opening  small;  antenna 
small  more  or  less  hidden  in  round  pits;  body  very  hairy  (Page  75). 

( lestridae 

Alouth  parts  well  developed;  adapted  to  piercing  and  sucking  or  to  suction 


only;  antennae  well  developed,  not  hidden 26 

Hypoi)leural  bristles  absent  or  only  some  fine  hairs  i)resent 27 

H\'I)oi)leural  bristles  well  developeil 28 


First  posterior  cell  more  or  less  narrowed;  outer  portion  of  4th.  longi- 
tudinal vein  more  or  less  strongly  angled  or  curved  towards  third  vein, 
at  least  slightly  but  noticeably  curved  at  apical  end  (Page  79) . . Aluscidae 
First  posterior  cell  widely  open;  4th.  longitudinal  vein  not  angled  or  curved 

towards  third  vein,  apical  end  straight  (Page  107) Anthomyiidae 

Post  scutellum  very  pronounced  i.e.  metanotum  with  a double  convexity.  . 29 
Post  scutellum  rudimentary  or  absent  i.e.  metanotum  with  a single  con- 


vexity 


30 


■Arista  bare Tachinidae 

■Arista  plumose Dexiidae 

■Arista  hairy  or  pubescent  above  and  below  for  half  or  a little  more  than 

half  its  length,  outer  half  bare  (Page  90) Sarcophagidae 

■Arista  hairy  for  its  entire  length  or  nearly  so;  body  often  metallic  blueish  or 

greenish  (Page  07) t'alliphoridae 

Subcosttd  vein  jjresent;  ist.  longitudinal  vein  ends  near  or  beyond  the 

middle  of  the  wing 32 

Subcostal  vein  :d)sent,  vestigial  or  incomplete;  ist.  longitudinal  vein  etuis 

before  the  middle  of  the  wing;  e\'e  not  sttilked 34 

Oral  vibrissae  [jresent,  distinct 33 

\'ibriss;ie  ;d)setU ; lower  fronto-orbital  bristles  absent;  wings  marked  with 

d;irk  spots  or  batuls Ortalidae 

With  ;i  break  or  scar  in  the  costti  near  the  termination  of  the  subcostal  vein; 

fronttils  convergent  ftiirly  large  yellow  or  brown  Hies Scatophagidae 

Without  a break  or  scar  in  the  co^ta;  front  not  bristl\'  near  the  anteima; 
palpi  vestigial;  small,  slender  black  (lies  with  elongtited,  cylindrical 
abdomen Sepsidae 
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4.  I'irsi  srfiinonl  of  liind  t;irsus  ihitkonod  and  swoolcn  sliorlcr  llian  second 

sofiniont |{orl)oridac 

l-'irsl  scgnu'iU  of  hind  tarsus  not  ihickcncd,  longer  than  second  scfinienl  . .45 

5.  Diseal  and  |)osterior  basal  cells  eonlluent ,<f> 

Diseal  ami  |K)stcrior  basal  cells  scparalc .S7 

(1.  Anal  cell  absent;  vibrissae  rarely  |)resent;  small  bare,  liKhl  colored  ilies 

(J’afie  bi ) Oseinidac 

Anal  cell  present  small;  oral  \ ibrissae  j)resent;  arista  lon^^  plumose  I Page 

(It) Drosophilidac 

7.  Wings  imirked  with  d;irk  spots  or  bands;  vibrissae  tibsent;  fronto-orbitals 
numerous  extending  to  antenna;  anal  cell  often  with  a narrow  lobe. 

Trypetidae 

Wings  not  marked;  vibrissae  present;  arista  long,  plumose;  anal  cell  not 
lobed Drosophilidac 
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SUBORDER  ORTHORRHAPHA 

SECTION  NEMATOCERA 

Family  Culicidae 

(The  M()s([uit()es) 

Moscjuiloes  can  be  distinguished  from  all  other  Diptera  by  the 
wing  venation  and  the  presence  of  scales  on  the  wings  and  head  and 
generally  on  the  thorax  and  abdomen.  I'hese  scales  are  llat  scales 
which  may  be  broad  or  very  narrow.  They  may  be  forked,  lanceo- 
late, curved  etc.  and  they  may  stand  upright  or  lie  llat  (ai)pressed). 

Adult.  Anatomy  (Fig.  i).  The  Head.  I'here  are  two  com- 
pound eyes,  the  area  between  them  being  known  as  the  frons  ante- 
riorly, the  vertex  above  and  the  occiput  posteriorly.  Projecting  over 
the  attachment  of  the  |)roboscis  is  a bulbous  prolongation  of  the 
frons  known  as  the  clypeus. 

The  proboscis,  (Fig.  2)  which  is  straight  in  all  forms  of  mosejui- 
toes  of  interest  to  medical  entomologists,  consists  of, — 

1.  A fleshy,  scaled,  grooved  organ  known  as  the  lahiiiin.  It 
terminates  in  two  short  hinged  processes  known  as  the  labcllae.  At 
the  end  of  the  labium,  between  the  labellae,  is  a thin  membrane 
called  Diilloii's  membrane.  In  the  groove  ol  the  labium  and  protected 
by  it,  rests  the  actual  ])iercing  organs,— the  stilette  bundle,  which 
is  made  up  of, 

2.  The  labntm-e pi pharyn.w  grooved  on  its  under  surtace, 

3.  d'he  l/vpop/iarvnx.  which  coming  in  contact  with  the  labrum- 
epipharynx  closes  its  groove  and  forms  a tube  through  which  the 
blood  is  sucked.  In  the  hypopharynx  is  a channel,  the  salivary 
canal  down  which  the  salivary  juice  passes  and,  when  present,  the 
sporozoites  of  Malaria.  There  are  also 

4.  A pair  of  mandibles  and 

5.  .\  pair  of  maxillae. 

d'he  mandibles  lie  on  eithi'r  side  of  the  hypopharynx  above  and  the 
maxillae'  lie  on  either  side  of  the  hypoi)harvnx  below.  I hi'  maxillae 
and  mandibles  are  serrated.  In  the  act  ol  biting  they  move  up  and 
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I'k..  1. — An  aihill  mdsciuiU)  \u  show  anatoinii  al  parts  ( Si-nii-diat'raniinat ic) 
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clown,  thus  sawin<f  a way  throuji;]!  the  skin  until  they  meet  a capillary 
blood  vessel.  As  the  stilette  bundle,  steadied  by  the  labellae, 
enters  the  skin,  the  labium  bends  beneath  as  the  ])iercinfj;  organs  go 
deeper  and  deeper. 

l.ying  a little  above  and  on  either  side  of  the  ])roboscis  are  two 
sensory  organs  known  as  the  palpi.  These  are  im])ortant  in  differ- 
entiating the  s]iecies. 


Fig.  2. — Mouth  parts  of  a female  mosquito  (Anopheles  qnudrimaculaiiis) . 

Above  the  paljii  on  either  side  of  the  clypeus  are  the  anlomac, 
two  in  number.  They  are  composed  of  14  or  15  joints,  all,  e.xcept 
the  liasal  joint,  similar  to  each  other.  The  antennae  are  imjiortant 
in  differentiating  the  sexes,  as  stated  below. 

The  Thorax.  'I'he  thorax  is  largely  made  u])  of  the  mesothorax. 
The  prolhorax  in  front  and  the  melathorax  behind  are  much  reduced 
in  size,  d'he  mesothorax  has  no  transverse  suture;  it  terminates 
behind  in  the  sculc/lum  which  may  be  simple  or  trilobed;  behind  and 
beneath  the  scutellum  is  the  melathorax  sometimes  called  the  post- 
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sciilcllu II! ; Jitlac'lu'd  to  llu'  nirsothorax  arc  two  wings  one  on  caili 
side.  I'igure  3 gives  a lateral  \’iew  of  the'  thora.x. 


Mesopleura 


Fic..  3. — Lateral  view  of  the  thorax  of  one  of  the  Ciilicidae  ([,h'u«o/(;(’)n'(!).  (From 
Dyar  and  Shannon  in  the  Journal  of  Washington  Academy  of  Sciences.)  (Mote:  Steno- 
pleura  should  read  Sternopleura.) 


Wings.  (Fig.  4).  Ivieh  xc/d/g  has  .v/.v  loiii^^iliidiiial  scaled  veins 
and  Ihrcc  distinct  Jork  cells.  'Fhe  eoslal  vein  e.xtends  all  round  the 
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mar.uin  of  I he  winu:  its  scales  forming;  a friiifre.  4'he  three  fork  cells 
are  formed  hy  the  bifurcation  of  the  second,  fourth  and  liflh  lonj^i- 
tudinal  \'eins.  d'he  winy^  veins  from  before  backward  are  the  coslal, 
the  suhcoslal  or  auxiliary  vein  and  the  //)'.s7,  second,  third . jourlii . fifth . 
and  sixth  longitudinal  veins;  or  using  another  nomenclature,  these 
veins  would  be  known  as,  the  ('ostal.  Subcostal.  Radius  i (=ist 
Longitudinal).  Radius2d-3(=  2nd  longitudinal ).  Radius4  + 5(  = 
3rd  longitudinal).  iNIedian  1 + 2 ( = 4th  longitudinal).  Cubitus  i 
+ 2 ( = 5th  longitidunal)  and  anal  i + 2 ( = 6th  longitudinal).  These 
veins  mark  off  hyaline  areas  on  the  wing  known  as  cells  which  are 
from  before  backward  the  costal  cell,  the  subcostal  cell,  the  ii7. 
marginal  cell,  the  2nd.  marginal  or  first  fork  cell,  the  suh-niarginal 
cell,  the  ist.  posterior  cell,  the  2nd.  posterior  or  second  Jork  cell,  the 
3/'(/.  posterior,  the  yth.  posterior  or  third  Jork  cell,  the  anal  cell  and 
the  axillary  cell  (not  to  be  confused  with  auxiliary  which  is  not  a 
cell  but  a vein).  Attention  should  be  paid  to  the  petiole  of  the  2nd. 
marginal  cell  which  is  that  part  of  the  second  logitudinal  vein  between 
its  bifurcation  and  the  angular  root  of  the  third  longitudinal.  The 
cross  veins  should  be  noted.  The  anterior  cross  vein  lies  between 
the  third  and  fourth  longitudinal  veins.  The  basal  cross  vein 
lies  between  the  fourth  and  fifth  longitudinal  veins.  The  position 
of  these  cross  veins  with  relation  to  each  other  should  be  noted. 
Near  the  base  of  the  wing  between  the  costal  and  auxiliary  veins  is 
the  humeral  cross  vein.  The  angular  bend  at  the  beginning  of  the 
third  longitudinal  vein  is  sometimes  spoken  of  as  the  “ suiiernumerary 
cross  vein.”  It  is  not  a true  cross  vein. 

Attached  to  the  metathorax,  behind  and  below  the  root  of  the 
wings,  are  the  hallcres  or  balancers,  one  on  each  side. 

Comstock  and  Needham  have  adopted  another  system  ol 
terminology  to  designate  the  veins  and  cells  of  the  wings  of  insects, 
d'heir  system  is  based  on  the  jirinciple  that  all  of  the  longitudinal 
veins  are  branches  of  certain  main  stems  which  are  from  before 
backwards,  the  Costa  (C'),  Subcosta  (Sc),  Radius  (R),  Media  (M). 
Cubitus  (Cu),  First  Anal  (ist.  .\),  Second  Anal  (2nd.  A)  and  I bird 
Anal  (3rd.  A).  Of  these  the  Subcosta,  Radius.  Media  and  Cubitus 
may  be  branched,  the  number  of  branches  varying  in  the  dilferent 
groups  of  insects.  II,  lor  e.xam])le,  one  e.xamines  the  basal  half  ol 
the  wing  of  a mosiiuito  there  will  be  seen  anteriorly,  lirst  th('  costal 
vein  which  borders  the  wing,  then  the  subcosta  which  terminates 
at  the  costal  border  approximately  half  way  between  the  base  and 
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tlu'  lip  or  api'X  of  tlu*  wins:;,  and  ihon  ;i.  x'oin  which  il  lollowcd  up 
towsirds  the'  sipi'.x  of  ihc  wins:  i''  si'cn  to  hrsincli  or  lork  scN’crid  tinu's. 
'I'his  is  tlu'  radius.  Its  lir>t  furcsition  forms  two  I)r;incln's,  'I’hc 
first  hrsiiu'h  is  tlu-  \A‘in  which  we  have  desis:nated  above  as  the  ist. 
lons:itudinal  win  but  which  in  ('omslock's  nomenclature'  would  be 
known  as  Radius-one'  or  x’ein  Ri.  d'lu'  se'e'ond  branch  known  as  the 
Radisil  se'Cteir  i Rs)  ly])ically  separate's  into  four  brane-hes  Rj.  R.-e. 
R|.  R.-,.  but  in  the'  mose[uito  eudy  eli\'ide's  into  three'  braiulu's  R;,  R.f, 
Ri.,,.  the  latter  de'siynalion  indie  aliny  that,  in  the  winj:  eif  ;i  meis- 
(piile).  Raelial-feeur  sinel  Raelial-five  ha\'e  ceialesceel.  wins:  cell 
take's  its  name'  freun  the  xein  whieh  feirms  its  anle'rieir  beiunehiry. 
d'luis  the  cell  back  eif  the  Raelius  is  kneiwn  as  cell  R.  that  back  eif  the 
first  branch  of  the  Raelius.  i.e.  \‘e'in  Ri.  is  kneiwn  as  cell  Ri,  anel  se) 
feirth.  C'ell  C'ui  is  beiundeel  in  freint  by  vein  C'u,.  'Phis  cell  is  sheiwn 
in  the  illustratiem  (k'ig.  4)  as  the  4th.  peisterieir  cell. 

Legs.  There  are  six  /c,s,'x,  eine  attacheel  te)  either  siele  eif  each 
theiracic  sternite.  Kach  leg  is  eli\'ieleel  intei  nine  segments,  begin- 
ning with  the  segment  attacheel  tei  the  thorax  these  are.  ceeve/.  trochauler 
(Ije)th  short).  tibia,  anil  //re  tarsal  segments  (collectively  tarsus), 

d'he  last  tarsal  segment  terminates  in  a pair  of  liaics.  The  first  tarsal 
segment,  i.e.  that  next  to  the  tibia,  is  sometimes  calleil  the 
metatarsus. 

Abdomen,  d'he  abelomen  has  ten  sci^nicnts,  the  last  two  being 
moelilieil  accoriling  to  the  sex.  In  the  male  these  are  termeel  the  hypo- 
pyyium.  Arising  from  the  loth.  segment  of  the  female  is  a jiair  of 
a])])enilages  known  as  the  ccrci. 

d'he  genital  armature  of  the  male  (Fig.  5)  is  carrieel  on  the 
hypopygium.  the  e)th.  anil  10th.  segments  which  are  crowileel 
together.  It  consists  of  two  thick  conical  aiipenelages.  the  side 
pieees,  each  bearing  a small  terminal  appenelage.  the  elasp  filament 
or  clasper.  d'here  may  also  be  lobes  near  the  base  or  near  the  tip 
of  the  siele  pieees  known  as  snbhasal  or  siibapieal  lobes,  d'hree  sets 
ol  jiaireel  basal  ap])enelages  may  be  seen,  the  harpes  or  10///.  sternite. 
the  harpagones  or  elaspettes  anel  the  nnei  or  aedoeagiis.  d'he  cph. 
segment  usually  has  a pair  of  haireel  basal  aiipenelages. 

Alimentary  Tract,  (k'ig.  6).  Whe'u  blooel  is  siukeel  up  through 
the  canal  foimeel  by  the  apjiosilion  of  the  labrum-epi|)harvnx  anel 
the  hypopharynx.  it  lirst  passc's  into  the  bneeal  eavity  in  the  head; 
it  then  I'liters  the  aspirator}’  pharynx  which  elilates  anel  collapses 
alternati'ly.  thus  ai  ting  as  a pump  to  elraw  the  blooel  up  from  the' 
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I'k;,  5. — Male  genitalia  of  the  mosquito.  (A)  CiiU'x  <]HiitqufJascitili<s.  (.15)  Sanuo 
basal  parts  enlarged.  (C)  C.’idfxpi  picus.  (I))  Aedes  acgypti.  (E)  Ano  pheles  qinidriunr 
culatns.  (From  Howard,  Dyar  and  Knab,  Mosquitoes  of  North  and  Central  Anu'riea 
and  the  West  Indies,  by  courtesy  of  the  Carnegie  Institution.) 
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wound  and  tlicn  lo  loroc  it  l)ackwards  into  a short  ocso phugiis j 
connected  with  the  latter  are  three  thin  walled  pouches  or  food 
resevoirs  called  the  oesophageal  diverlieula.  d'he  blood  ])asses  into 
the  mid-gut  or  slomaeh  through  the  proveiilrieulus  a musculo-valvular 
arrangement  which  ])revents  regurgitation,  d'he  mid-gut  lies  in 
the  thorax  and  abdomen.  Its  lirst  ])art  is  tubular.  I his  part  has 
been  termed  the  eardia.  d he  second  part  of  the  mid-gut,  that  ])art 
lying  within  the  abdomen,  is  dilated  and  is  the  slomaeh  proper. 

d'he  midgut  is  lined  with  a single  layer  of  epithelial  cells.  These 
lie  on  a basement  membrane  outside  of  which  is  a layer  of  circular 
muscle  libers  with  a few  scattered  longitudinal  fibres.  It  is  in  the 
stomach  walls  that  the  oocysts  ol  malaria  are  commonly  tound.  In 
the  stomach,  digestion  and  absorption  take  place  and  the  residue 
jiasses  into  the  hindgul  or  intestine  and  then  into  the  rectum  which 
contains  the  rectal  ghuids.  At  the  junction  of  the  mid-  and  hindgut 
empty  the  Malpighian  tubules,  live  in  number. 

d he  salivarv  glands  lie  ventrally  in  the  anterior  part  of  the  thora.x. 
ddiere  are  two  groups  of  glands  of  three  each,  a group  on  each  side, 
ddiey  are  tubular  ascinous  glands.  The  secreting  portion  consists 
of  a single  layer  of  cubical  or  short  columnar  cells  resting  on  a base- 
ment membrane.  I he  cells  of  the  lateral  glands  in  the  group  are 
compressed  and  the  material  in  the  lumen  of  the  gland  does  not 
stain  with  eosin.  dTe  middle  gland  of  the  group  is  the  smallest; 
its  cells  are  not  so  compressed  and  contain  more  protoplasm  and  the 
secretion  contained  in  the  lumen  of  the  gland  stains  with  eosin. 
ddie  ducts  of  each  of  the  two  groups  unite  to  form  two  mam  ducts 
which  pass  into  the  head  and  then  join  to  form  a common  salivary 
duct  which  empties  into  a salivary  i)ump  and  finally  becomes  con- 
tinuous with  the  salivary  canal  in  the  hyiiopharynx. 

The  Larva.  ( Idg.  7).  A mosquito  larva  or  wriggler  is  composed 
of  a head,  thorax  and  abdomen,  ddie  head  is  large  and  more  or  less 
globular  with  a prominent  dark  colored  eye  on  each  side.  In  fiont 
of  the  eves,  one  on  each  side,  are  the  antennae  which  are  provided 
at  or  near  the  middle  (Eejuator)  with  a tuft  of  hairs  called  the  anten- 
nal tuft.  On  the  dorsal  surface  ol  the  head  are  located  three  pairs 
of  hair  tufts  named,  from  before  backward,  the  antcanlcnnal  tujts 

and  the  lourr  dorsal  and  upper  dorsal  head  hairs. 

Ih'ojecting  from  the  anterior  and  under  part  ol  the  head  are  the 
mouth  brushes.  'I'liere  are  also  a iiair  of  mandibles  ixml  a pair  of 
maxillae.  In  the  mid  (Sagittal)  line  at  the  iioslerior  end  of  the 
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mouth  may  l)c  scon  the  menial  plate  or  menliim  wliicli  is  in  con- 
nection witli  the  hypo])harynx.  It  is  a trian,<rular,  heavily  pigmented 
plate  of  chitin  with  its  edges  serrated. 

Arising  from  the  sides  of  the  thorax  are  numerous  groups  of 
hairs. 

I'he  abdomen  is  composed  of  }iine  segments  each  provided  with 
hair  tufts.  On  the  8th.  segment  is  a ])atch  of  spines  known  as  the 
scale  patch.  On  this  segment  is  also  located  the  breathing  spiracle 
Mdiich  in  the  non-ano])helines  is  to  be  found  at  the  tip  of  a siphon 
or  breathing  lube.  This  tube  may  have  a double  row  of  spines — the 
pee  ten  which  runs  longitudinally  from  near  the  base.  There  is 
also  one  or  more  pairs  of  hair  Inf  Is  along  its  length.  The  gth.  Iasi 
or  anal,  segment  has  a cons])icuous  tuft  composed  of  many  hairs 
and  known  as  the  anal  hair  tuft.  This  segment  terminates  in  four 
membraneous  projections,  the  anal  gills.  The  Sth.  segment  may 
be  ringed  at  the  base.  This  ring  may  or  may  not  exteird  around 
the  entire  circumference  of  the  segment. 


Fk;.  8. — .Mosquito  pupae.  (l)  Cutex  pipifiis;  (_>)  Aedes  aegypti;  (3)  A^ophrlfs 
ptincti pcnnis.  (From  Stitt,  after  Howard,  D\'ar  and  Knab,  by  courtesy  of  CarncKie 
Institution.) 

The  Pupa,  ( Idg.  8).  'hhe  pupa  of  nutsquitoes  is  active.  In 
its  formation  the  last  hirval  skin  is  cast  and  the  appendages  and 
body  are  bound  together  by  a closely  ap])lied  layer  of  chitin.  Ihe 
adult  emerges  through  a T-shajfed  slit  in  the  dorsum  ol  the  thorax. 
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'rhi>  i>  known  as  an  oblcct  pupa.  "I'lu'  |)upa  consisl s ot  an  anterior 
swollen  portion  made  up  of  the  head  and  thorax,  and  a ])osti‘rior 
>hrinipdike  tail,  the  abdomen.  I'rom  tlie  dorsum  ol  the  eephalo- 
thorax  ]U‘ojeet  a pair  of  siphon  tubes  the  breathiipL(  tubes. 

Life  History.  'I'lie  eypu  lar\al  and  pupal  slaves  ol  mos(|uitoes 
are  spent  in  water.  Ordinaiily  the'  are  laid  on  the  surlaee  ol 

water  but  some  speiies  deposit  their  eyj^s  above  or  at  the  margins 
of  collections  of  water  and  some  will  t'ven  deposit  their  ee<rs  on  the 
dry  mud  of  what  were  tempoiary  puddles.  Siuh  e^ys  hatch  soon 
after  rain  water  has  collected.  'I'he  larva  and  pupa  can  not  survive 
except  in  water.  It  has  been  shown  however  that  the  larvae  of 
certain  mosciuitoes  may  li\  e for  periods  as  long  as  fourteen  days  in 
damj)  >urroundings  such  as  moist  earth  and  moistened  tilth  paper. 
Usually  they  lireathe  by  bringing  the  breathing  tube  to  the  surface 
thus  securing  o.xygen  from  the  air,  but  the  species  of  one  genus 
{Man:ionia)  attach  themselves  to  the  roots  of  certain  water  plants 
and  thus  derive  oxygen  from  the  plant.  Mosejuito  larvae  are  vora- 
cious. some  predaceous,  d'he  jiujia  does  not  feed,  d'he  egg  stage 
lasts  from  24  to  48  hours.  The  larval  stage  lasts  from  live  to  ten 
days  depending  ujron  temperature,  d'he  pupal  stage  lasts  from 
48  to  72  hours  also  depending  upon  the  temperature.  Warm 
weather  hastens,  cool  weather  delays  development. 
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CULICIDAE  (CONTINUED) 

CLASSIFICATION  AND  IDENTIFICATION  OF  MOSQUITOES 

T()  1)0  able  to  identify  all  mosquitoes  an  elaborate  key  to  the 
classifieation  is  neeessary.  It  is  however,  an  easy  matter  to  deter- 
mine whether  a mosquito  may  be  one  of  interest  as  a known  carrier 
of  disease. 


Flc,  Q. — Antennae  of  mosiiuito,  Ciilex  pipieiis.  A,  male;  H,  female.  The  antenna 
has  a .short  basal  segment,  not  shown  in  the  figure.  (From  Folsoms  Entomology, 
3r(l.  Edition.) 

In  the  first  place  the  mosquitoes  are  the  only  members  of  the 
Order  which  hav’e  wings  bearing  scales.  In  all  other  Diptera  the 
wings  are  naked  or  contain  hairs  t)r  perhaps  a few  bristles  but 
never  scales. 

d'hen,  usuallv  only  the  lemales  bite.  I he  males  live  on  the  juices 
of  fruits  and  flowers,  therelore,  it  is  neeessary  to  distinguish  between 
males  and  lemales.  In  the  torms  ol  interest  in  ])revenlive  medicine 
this  can  be  done  by  the  form  of  the  antennae.  In  the  female  the 
antennae  are  onlv  s])arsely  decorated  with  short  hairs  and  are  there- 
fore inconspicuous.  In  the  male  the  antennae  are  generously 
decorated  with  longer  hairs  in  whorls  gi\  ing  thian  a leathery  or 


•>  ■> 
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plumose  appearance  and  lamderiipi^  ihem  V(‘ry  eoiispienons. 

().)  ll  ihe  antt'unae  have  hi-en  l)r<)ki'n  oil  it  may  he  iieeessaiy  to 
examine  the  terminal  abdominal  segments  where".  il  a male,  the 
I laspiny  oryans  may  Ix"  note'd. 

Ha\imi  di'termined  tlu"  sex  it  is  then  nei'essary  to  distinguish 
hetwei'n  the"  Anophelines  to  wide  h yronp  helonjr  the  malaria  earryino 
moseiniloes.  and  the  ('ulieines  to  whie  h helony  tiu"  carriers  ol  certain 
ot Imr  disease's. 

In  the'  Anoplu'liiU's  the"  jialpi  in  both  sexe's  eire"  more  them  h;dt 


as  leiny  as  the  proboseis.  The  pi'i 
In  the  ('nlie'ines  the  preiboseis  is 
streiiyht  eir  only  slightly  enrveel 
and  the  palpi  in  the  femede  ;ire  less 
them  hedl'  as  long  as  the  proboscis. 

The  anophelines  have  ei  char- 
acteristic peisition  when  at  rest, 
(h'ig.  lo.)  They  rest  with  the 


Fk;.  I o.- - Rcstinf^  position  of  mosriui- 
tucs;  I and  2.  Anophrli’s;  Cnlfx  pi 
(From  .Stilt,  after  .Sanihon,  from  P.  IF 
Reports.) 


iboscis  in  the  feimde  is  straight. 


Flo.  I 1.  -EkK  mass  of  A impluirs  quad- 
rimacnlatns.  (After  Howard.) 


abdomen  forming  a straight  line  with  the  proboscis  and  at  an  angle  to 
the  resting  surface.  The  C'ulicines  rest  with  the  abdomen  forming 
an  angle  with  the  jiroboscis  and  more  or  less  parallel  to  the  resting 
surface. 

rile  "vvings  of  the  Anojihelines  are  usually  s])otted  ( I'  ig.  igj,  those 
of  the  (’ulieines  unspotted. 

'Idle  Anophelines  lay  their  eggs  singly,  but  dejiosited  in  groups 
so  as  to  form  patterns  as  lor  instanee,  a ribbon  or  triangle.  I’he 
eggs  rest  horizontally  on  the  ^urlace  of  the  water  sujiported  bv  the 
air  cells,  ‘‘lloats,”  which  may  be  seen  as  little  projections  on  each 
side.  (I'ig.  ii.j  d'he  shajie  of  these  ;dr  cells  difft'rs  somewhat 
according  to  the  sjiecies.  d'he  egg  is  llat  ;d)ove,  convex  below,  with 
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an  outline  somewhat  oval  or  boat  shaped.  Among  the  ('ulicines. 
the  eggs  of  Aedcs  aegypli  [Slcgomyia  Jasciala)  are  laid  singly  on  the 
sides  of  the  receptacle  above  the  level  of  the  surface  of  the  water. 
Each  is  surrounded  by  a ])earl-necklace-like  fringe.  Ciilcx  lays  its 
eggs  in  rafts,  each  egg  standing  vertically.  The  dark  brown  raft 


Fic.  12. — An  Anoi)heline  larva 
(.1  }w plieles  qiiadrimaculatiis) . 


Fic.  1.5. — Larva  of  Aedes  negypli. 


^KeATHINS 


HAIRS 


nuTveftio 

Hairs 


is  convex  Ixdow  and  concave  above.  'I'hese  egg  rafts  ol  Cidcx  are 
readily  seen.  Eggs  laid  singly  are  more  difficult  to  detect. 

With  regard  to  the  larvae  it  may  be  said  that  those  of  the 
Anophelines.  ( Eig.  i 2),  instead  of  hanging  head  down  Irom  the  suiiace 
of  the  water  as  in  the  case  of  Culcx  and  Acdcs,  lie  with  the  body 
close  to  and  parallel  with  the  surface  of  the  water.  There  are  other 
acpiatic  Nematocerous  insects  (C'hironomidae.  and  I' rauolacnia 


Cl' i.K'iDAi',  ((•(i\'i'iN'ri';i)) 


2,S 

a lutn-anophclinc  inosciuito)  which  also  lir  parallel  to  Ihe  surhu'e  of 
the  watiT  and  which  on  superficial  examination  mij^ht  be  mistaken 
for  Ano]>heline  larvae.  Anoi)heline  larvae  have  no  si])hon  tubta 
hut  breathi'  throus;h  a sti^matie  opt'uing  on  the  eif^hth  segment, 
('ulicine  laiwae  ha\e  a drawn  out  sii)hon  tube,  at  the  end  ol  which 
is  a br<‘athintj:  spiracle.  'I'lu‘  sii)hon  in  Ci<!cx  is  long  and  slender  (Fig. 
7).  while  in  Aalrs  it  is  ndativcly  short  and  barrel  shaped.  ( k'ig.  i.p) 
Projecting  from  the  sides  of  the  thorax  and  abdominal  segments 
of  ('ulicine  larvae  arc'  groups  of  straight  hairs.  ( I'ig.  7-)  In  the 
Anophelinc'  larvae  many  ol  these  hairs  branch  laterally,  that  is,  tlu-y 
are  feathered;  ( k'ig.  12)  and  in  addition  there  is  dorsally  on  each 
-'ide  of  some'  of  the  abdominal  segments,  a grouj)  of  ])almate  hairs. 

'I'hc'  larvae  of  C'lilcx  wriggle  rapidly  to  the  bottom  when  dis- 
turbed. Larvae  of  A dies  (ie^yf>li  wriggle  to  the  bottom  more  slowly 
than  i'lilcx  larvae,  their  bodies  describing  curves  with  much  greater 
ares.  Anopheline  larvae  while  they  may  wriggle  to  the  bottom 
when  disturbed,  usually  move  ra])idly  along  the  surface  of  the  water. 
The  head  of  an  Anopheline  larva  is  much  narrower  than  the  thorax 
and  the  antennae  project  straight  forwards.  Larvae  of  Anoi^helines 
are  variously  colored,'  green,  gray,  reddish,  brown  or  black. 

With  regard  to  the  })U])ae,  (Fig,  8),  the  breathing  tubes  of 
Ciilcx  are  l<mg  and  slender  and  arise  from  the  j)osterior  (caudal) 
portion  of  the  cei)halo-thorax.  d'hose  of  the  Anophelines  are  broad 
and  funnel  shaped  and  arise  from  the  middle  (equator)  of  the  dorsum 
of  the  cej)halo-thorax.  'Phe  si])hons  of  .Icc/cx  are  short  and  broad 
and  the  opening  is  triangidar  in  shape. 

Key  to  the  Subfamilies  of  Culicidae  (H.  G.  Dyar  and  R.  C.  Shannon,*  1924) 

.\  I.  renilorm;  llaf'clium  is-jointcd ; proixescis  extending  far  Icec'ond  clx'peus; 

nu'sosternum  ridged;  slern()j)leura  not  divided  ley  transverse  suture 
(except  t ranotaenini ) ; lateral  sclerite  cd  nietasternum  triangidar,  in 
line  with  (Alegarhinini,  .Sahethini)  or  below  (Uranotaenini,  .\no[)helini, 
( ulicini),  the  base  ol  hind  coxa;  wings  scaled,  liind  margin  with  fringe 
of  scales;  ks  lorking  lar  before  lip  of  .Sc;  u]){)er  sciuama  bare  or  ciliated 

(Ihige.td) Cii/icinae 

A’,  l-.ves  more  or  le.ss  emarginale  on  mesal  line;  llagellum  i pjointed;  probo.scis 
extending  very  .short  distance  beyond  clypeus;  mesostc'rnum  wdthout 
ri<lge;  slernopleura  divided  by  transverse  suture;  lateral  sclerite  of 
nieta.-'t ernum  much  rediued.  not  triangidar;  wings  wdlh  hairdike  scales, 
hind  margin  with  Iringe  ol  scales;  Ks  forking  far  before  ti[)  of  Sc;  iprper 

squama  ciliated C'lidoboriiitic  (Coret hrinae) 

Jiiiirnal  ol  the  Washington  .tcadeniy  of  Seienees.  \'ol.  i.p  NO.  20,  p|).  .t7^  t'S. 
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A3.  Hvt'S  not  cmarf,nnalc,  nearly  circular  in  outline;  llaf'ellum  i4-jointe(l; 
proboscis  not  e.xlending  beyond  clypeus;  niesosternuni  without  ridge; 
sternopleura  nearly  divided  by  a median  transverse  suture;  lateral  sclerile 
of  metasternum  much  reduced,  nol  triangular;  wings  with  only  incon- 
spicuous hairs  on  veins,  hind  margin  with  fringe  of  sparse  hairs;  Rs 
forking  appro.ximately  opposite  tip  of  Sc;  ui)per  squama  not  ciliated. 

Dixinac 


Key  to  the  Genera  of  American  Culicidae  (Dyar  and  Shannon)* 


.\i.  Proboscis  extending  far  beyond  clypeus Subfamily  CiiliciiKie. 

Hi.  Hase  of  hind  coxa  in  line  with  upper  margin  of  lateral  melaslernal  sclerite; 
upper  squama  incompletely  ciliated  to  bare;  spiracular  setae  not  absent 
when  pronotal  setae  are  present;  (exclude  Ilacniagogiis,  Culicini,  by: 
spiracular  setae  absent;  proepimeral  setae  present) Series  A. 

Ci.  Clypeus  much  broader  than  long;  scutellar  post  margin  evenly  rounded; 
a spurious  vein  in  Cui  ceil;  squama  not  ciliated;  post  notal  setae 
absent Megarhixixi,  Mcgarhiiuis. 

C2.  Clypeus  at  least  as  long  as  broad;  scutellum  trilobed;  no  spurious 
vein  in  Cui  cell;  post  notal  setae  present;  abdomen  usually  com- 
pressed and  with  few  setae S.abkthixi. 

Ui.  No  pronotal  setae  (lobes  widely  separated,  see  Isostomyia  cspiiti). 


H2. 


El.  Xo  prealar  setae. 

Ei.  Xo  propleural  setae Sitbcllics. 

F2.  Propleural  setae  present Sabclhoidcs. 

E2.  Prealar  setae  present. 

F3.  Xo  spiracular  setae Linuitus. 


F4:  Spiracular  setae  present. 

Gi.  Power  sternopleurals  distinctly  below  upper  margin  of 
lateral  metasternal  sclerite. 


111.  Wing  scales  especially  the  outstanding  scales  on  bases  of 

R2  and  Ra  broad Miamyia. 

112.  Wing  scales  narrow H ycoinyla. 

(j2.  Lower  sternopleurals,  extending  as  far  as,  usuallc'  above, 

upjier  margin  of  lateral  metasternal  sclerite. 

113.  Wing  scales  narrow  (rare) Mciiolcpis. 

H4.  \\  ing  scales  broad I’rosopolcpis. 

1)2.  Pronotal  setae  present  (except  Isostoiiiyia  espini). 

E3.  Clypeus  without  setae. 

I'  v Lower  sternopleurals  distinctl\'  below  iqiper  margin  of  lateral 
metasternal  sclerite;  palpi  very  small  in  both  sexes. 


Isostomyia. 

F6.  I.ower  sternopleurals  extending  above  upiier  margin  of  lateral 
metasternal  sclerite;  paljii  not  small  Ciochiia. 

E4.  Cly|)cus  setose loblolia. 

fase  of  hind  co.xa  distinctly  below  upper  margin  of  lateral  metasternal 
sclerite;  post  not  um  rarely  setose;  abdomen  rarel>'  compressed  and 
with  reduced  setae.  ('I’he  Sabethid-like  genus  llacinagogiis  is  retained 
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licro  on  Inisis  of  ahsoiuc  of  s|)ir;uular  solan  and  prosi'iicc  ol  proi.io- 

tal  solan) Series  B. 

Scutolluni  lrilol)o(l  witli  niarpdnal  solan  onl\’  on  ihi'  lohos. 

Dp  Anal  \'oin  oxtondinfj  woll  dooond  fork  ol  oulnlus;  winj^s  villuso; 
ui'por  sciuania  oiliaU-d  iparliallo  so  in  and  Carrol- 

li,i) ('ri.iciM  1 1’ap'o  .pj). 

K5.  I’rosoul ollar  solan  alisont;  winj^s  narrowor  lhan  widlh  ol  lliorax; 

postspiraoular  solan  al)sont 

E6.  I’rosoutollar  solan  [)rosonl;  win^s  l)roador  lhan  width  ol  lliorax. 
h'7.  Post  spiraoular  solan  prosonl . 

(Ip  S|)iraovdar  solan  ahsi-nl. 

115.  W inji;  scales  mostly  narrow,  or  whon  hroad  (ram),  solan 

am  iirosonl  on  ui)[)or  sido  of  haso  of  first  voin Icdcs. 

116.  W ing  soalos  hroad;  solan  ahsonl  on  u[)|)or  sido  ol  base 


of  first  voin.  (Son  Mdiisoiiia.) 

(I4.  S|)iraoular  solan  prosonl,  somolinios  small Psoroplioni . 

I'S.  Post  spiraoular  solan  ahsonl . 

(15.  Lownr  sido  of  haso  of  first  voin  distinctly  pilose;  siiiracu- 
lar  solan  prosonl Cidiscla. 


(16.  Lower  side  of  haso  of  first  \'oin  scal\’  or  ham;  spriacular 
solan  alisnnt. 

H7.  Xo  solan  on  uppnr  sido  of  haso  of  first  voin;  wing  scales 
hroad,  hlack  and  pain  mixed  (all  hlack  in  some  species 
of  Malison  id  which  have  post  s[)iracular  solan). 

1 1.  X’o  mid-mosepimoral  solan;  fourth  tarsal  joint  of  fore 

tarsus  somnwhal  thickonod,  as  hroad  as  long,  or  hroadnr. 

Orlltopoiloniyid. 

1 2.  Mid-mnsnpimoral  setae  present;  fourth  fore  tarsal  joint 

longer  lhan  hroad. 

Ji.  Post  marginal  wing  scales  longer  lhan  width  of  anal  cell; 
antennal  joints  hut  liltlo  longer  than  hroad. 

Adinnnyid. 

J2.  Post  marginal  wing  scales  shorter  than  width  of  anal 
cell;  antennal  joints  much  longer  lhan  hroad. 

Mitnsonid. 

IhS.  .Setae  present  on  up[ior  sido  of  haso  of  first  vein;  wing 
scales  mostly  narrow,  dark  colored. 

Ip  Mid-mesopimoral  setae  numerous Liilzia. 

I4.  l\lid-mese[)imc‘ral  setae  o-,p 

J.p  ,\ntenna  much  longer  lhan  longh  of  prohoscis. 

Pcinoarilcs. 

J4.  Antenna  approximating  length  of  prohoscis  (Page  40) 

( 'llll’X. 

1)4.  .\nal  voin  ending  oiifiosito  or  hasad  of  cuhital  fork;  squamae  not 
ciliale;  wings  without  \'illi. 

Lr.v.mi'iakn'IM,  (’rdiiiitdcnid  (Pago  47). 
('4.  Sculi'llum  croscont-shapod,  with  marginal  si'tao  evenly  disl rihuU-d. 

.Xnoi’IIKI.im,  Anoplirlrs  (Pago  44). 
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A2.  l’r<)l)()scis  not  clonf'iite,  extending  l)ut  lilllc  heyond  clyi)eus. 

Radial  sector  forking  far  before  tip  of  subeosta;  wings  with  hair-like 

scales;  hind  margin  with  fringe  of  scales Subfamily  Clmohoriiuic. 

('5-  Anal  vein  ending  basad  of  cul)ital  fork Eticorctlira. 

C6.  Anal  vein  ending  beyond  fork  of  cubitus. 

1)5.  Hasitarsal  joint  shorter  than  following  joint Corcthra. 

1)6.  liasitarsal  joint  longer  than  following  joint. 

K7.  Tip  of  Ri  much  nearer  tip  of  Ro  than  to  Sc C/hiobonis. 

E8.  Tip  of  Ri  much  nearer  tip  of  Sc  than  to  R2 Corcthrella. 

B4.  Radial  sector  forking  approximately  opposite  tip  of  subcosta;  wings  with 
only  inconspicuous  hairs  on  veins,  hind  margin  with  fringe  of  sparse 
hairs Subfamily  Dixiiioc.  Dixa. 

Key  to  the  Larvae  (Howard,  Dyar,  and  Knab,  igiyf* 

Anal  segment  without  ventral  brush,  the  hair  tufts  all  paired.  . Trilje  Sabethini 

(lenus  \V ycomyia 


Anal  segment  with  unpaired  ventral  median  brush Tribe  Culicini 

1.  Air  tube  short,  sessile,  the  larvae  surface  fee<iers Anopheles 

Air  tube  distinctly  elongate 2 

2.  Air  tube  without  pecten . .4 

Air  tube  with  well  developed  pecten 5 

3.  Mouth  brushes  of  lamellate  prehensile  plates M cgiirhinus 

Mouth  brushes  normal 4 

4.  Air  tube  with  the  outer  half  attenuated Mansonia 

Air  tube  cylindrical  or  fusiform;  antennae  small,  slender.  . .Orlhopodomyia 

5.  Air  tube  with  but  a single  pair  of  ventral  (jiosterior)  tufts 6 

Air  tube  with  several  jiairs  of  ventral  tufts,  mouth  brushes  normal  with  no 

prehensile  hooked  lamellae Culex 

6.  Head  elongate  elliptical I'ronotocnia 

Head  nearly  circular  or  transverse . .7 

7.  Air  tube  pecten  produced  into  long  hairs;  hair  tuft  close  to  base.  Cn/iseta 
Air  tube  pecten  of  short  scales  or  if  produce<l  the  hair  tuft  remote  from 

base 8 

S.  Ma  ndibles  angularly  projecting  laterally D<  inocerites 

IMandibles  concealed 0 


9.  Anal  segment  ringed  by  plate,  with  ventral  hair  tufts  piercing  the  ring. 

Psorophora 

Anal  segment  not  ringed,  or  if  so  with  the  hair  tufts  posterior  to  the  ring. 

A edes 

Key  to  the  Species  of  Anopheles  of  North  and  Central  America  and  the  West 
Indies  (Howard,  Dyar  and  Knab,  (1917)* 

I.  Tarsi  ornamente<l  with  white  or  yellow , .2 

'I'arsi  wholly  dark  colored .13 

* 'F'he  Mosquitoes  of  .North  and  t’enlral  .\nieriea  and  the  West  Indies.  I'ulilished 
by  the  Carnegie  Institution  of  Washingloti. 
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Hind  tarsi  with  a series  <.)!'  riii^^s 5 

Hind  tarsi  all  white  bex'ond  sei'ond  joint A 

Hind  tarsi  white  beyond  seeond  joint,  ;i  blaek  spot  on  the  last  joint 4 

Abdomen  dorsally  eowretl  with  scales. 

.1.  (U'l^yritdr.sis  Robinean  Desvoidy  (I’tige  3<S) 

.\bdomen  clothed  dorsally  with  hairs  only I.  liilzii  Crtiz 

I’alpi  with  the  last  two  joints  white  except  narrowly  at  bases. 

.1.  larsimaciilaUi  (loeldi  (Rage  3S) 

Ralpi  with  the  last  joint  only  white .1.  albimaiius  Wiedemann  ( Rage  3cS) 

Hind  tarsi  with  small  basal  rings  only;  ])al])i  wholly  black  settled. 

.1.  gyabhamii  'I’heobald 

I'ar^i  imtre  consi>icuously  orntimented;  {)al|)i  not  wholly  bhick  scaled 6 

Tarsi  ;ind  tibiae  narrowly  ringed  ;ind  speckeled  black  ;ind  while  or  yellow  8 

Hind  tarsi  with  broad  apictil  segmental  white  rings;  not  speckeled 7 

7.  Wings  with  four  white  spots  on  the  coslti I.  bcUator  Dyar  and  Knab 

Wings  with  two  white  spttts  on  the  costa;  five  on  the  Jirsl  vein. 

.1.  iicivfii  Howttrd,  Dyar  and  Knab 
S.  Wing  :?cales  mostly  blackish,  many  little  jralches  of  yellow  ones. 

.1.  vcslitipcnnis  Dyar  and  Knab 
Wing  scales  black  and  white  or  yellow,  several  large  concrete  patches  of 

black  scales 0 

Hindtarsal  joints  with  ajtictil  rings;  last  joint  wholly  black. 

A.  maculipes  d'heobald 

Himi  tarsi  with  rings  involving  both  ends  of  the  joints;  last  joint  mostly  or 

whollx'  inile  scaled 10 

Wing  scales  broad  and  rounded ii 

Wing  scales  narrowly  owite  to  lanceolate 12 

1 1.  Tarsi  yellow  with  small  black  dots 1 . mcdiopit)uialitsThco\yA(.\ 

Tarsi  black  with  white  rings 1.  malefaclur  D3'ar  and  Knab 

12.  Hind  tarsi  with  numerous  vellow  rings.  . ..1.  slrigimacidata  Dj’ar  and  Knab 

Hind  tarsi  with  sjttirse  white  ring 1.  apiviacidala  D_var  and  Knab 

13.  Hind  tibiae  without  a white  apical  ring 14 

Hind  tibiae  broadly  while  at  apex 1.  vi.scni  C'oriuillctt 

14.  Wing?  with  a white  sjiot  at  outer  third  of  costa 15 

Wings  without  such  spot  on  the  costa 16 

15.  Ralpi  marked  with  while,  third  \ein  extensively  white  in  the  middle,  wing 

fringe  spotted I.  pscudopunctipODiis  Theobald  (Rage  37) 

Ralpi  whollv  black  scaled,  third  vein  wholly  black  scaled,  wing  fringe 

unspotted I.  piiitc/ipciutis  Say  (Rage  37) 

if).  Wings  with  |)atches  of  vellowish  scales,  sixth  vein  with  three  black  spots. 

.1.  rniriaiis  \\'ie(b'mann  ( Rage  36) 

Wing?  without  patches  of  pale  scales 1 ^ 

17.  Wings  at  apex  with  a eopperx’  s[)ol  on  the  fringe. 

.1.  ociidculiilis  Dyar  and  Knab  ( Rage  38) 

Wing  fringe  uniformh'  dark  throughout iS 

iS.  bodv  blackish  throughout;  hair  ?cales  of  me.sonolum  dark  brown. 

.1.  alropos  D_\ar  and  Knab 


0. 
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I-Jody  not  wholly  l)l;u  kisli;  hair  scales  of  niesonotum  yellow  or  white 19 

iq.  I’ali)i  of  the  feniale  with  dull  silvery  white  rings  at  the  bases  of  the  joints; 
scales  of  wing  not  distinctly  massed  at  bases  of  fork  cells. 

.1.  witikeri  Theobald 

I’alpi  of  feniale  blackish  scaled  throughout;  scales  of  wings  massed  to  form 
distinct  spots  at  cross  veins  and  at  bases  of  fork,  cells. 

.1.  quadrimaciilutiis  Say  (Page  34) 

Key  to  the  Larvae 


Larvae  without  respiratory  siphon. 

1.  Scales  of  scale  patch  with  teeth  all  long,  eriual ncivai 

Scales  of  scale  patch  alternately  long  and  short malefactor 

strigirnacidala 

Teeth  of  the  comb  both  long  and  short,  irregular 2 

2.  .\bdomen  with  seven  jiairs  of  dorsal  fan  shaped  tufts,  the  jiair  on  first 

segment  small alhimanus 

tarsimaculatus 

.\bdomen  with  six  pairs  of  fan  shaped  tufts 3 

Abdomen  with  five  pairs  of  well  developed  tutts 5 

3.  Elements  of  fan  shapeil  tufts  slender,  smoothly  pointed argyrilarsis 

Pdements  of  fan  shaped  tufts  notched  towards  tip 4 

4.  Fan  shaped  tufts  all  erpial  in  size eiseni 

First  pair  of  tufts  small punctipennis 

quadriinaadaius 

5.  First  and  last  pair  of  tufts  smaller  than  theothers entrians 

Fan  shaped  tufts  all  equal 6 

6.  Elements  of  fan  shaped  tufts  with  long  slender  ajrical  portion. 

pseudo  p u ncli  pen  n is 

Fan  shaped  tufts  with  normal  elements occidcntalis 

(maculiprnnis) 

grahhamii 


In  a campaign  against  the  mosejuito  borne  diseases  many  dilferent 
species  of  moscjuitoes  will  be  collected  which  are  not  carriers  of  disease 
although  they  may  be  a great  nuisance  in  the  locality.  Komp  has 
worked  out  a key  to  be  used  by  held  workers  for  the  determination 
of  the  sjiecies  of  adult  females  and  larvae  commonly  encountered, 
es])ecially  in  the  Southern  United  States. 

Key  for  Determining  Species  of  Adult  Female  Mosquitoes  (Komp)  (1923) 

W ings  s|)ollcd,  jialpi  almost  as  long  as  the  proboscis i 

Wings  unspotted,  palpi  much  shorter  than  the  jiroboscis 4 

j.  I’alpi  ringed  and  tipped  with  white ^ 

I’alpi  uniformly  dark  brown 3 

* I’ublic  Health  Reports,  \ ol.  -No.  -’o,  -May,  ig’3,  p]). 1070-1080. 
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Sixth  Ktngil utlinal  with  thrcr  hlack  spots  (I’age  ,4^). 

, I . I riK  i'lns  W iedemann 

I'ront  margin  ol  wing  with  three  ligtit  sjxits.  ()th.  longitudinal  vein  hasally 

pale,  apirally  l)lank  {I’agr  ,^7) 1.  psciulopiiinii priiiii.s  'I'heohahl 

I’rominent  white  spot  on  Iront  wing  margin.  ()th.  longitudinal  vi’in  white 
with  lilaek  ends,  median  gra\-  thoracic  stripe  i Ikige 

. I . piiiK  lipciniis  Say 

l-'our  dark  spots  on  wing.  ()th.  longitudinal  \ ein  wholly  dark  settled,  no 

thorticic  stripe  ( I’tige  44) I.  quudr inhu  iihitiis  Say 

Legs  handed  or  mtirked  with  white ,7 

kegs  nnhtinded,  miil'orm  in  color it 

Proboscis  centrally  ringed  with  white 6 

Proboscis  iinbtinded 8 

.\bdomen  with  dorsal  longitudinal  stri|)e,  sides  of  thorax  white  below  black 

stripe  (Ptige  44) Ict/c.v  sol/icituiis  W’idker 

.\bdomen  without  dorstil  stripe 7 

Large  blackish  sirecies,  tibia  white  spotted,  femur  white  banded  near  tip, 

abdomen  unbtinded  (Ptige  46) Psorophora  colunihiac  Dver  and  Knttb 

Small  Itlackish  sjrecies,  tibia  and  femur  unmarked,  tibdomen  banded  with 
while  at  bases  of  segments  (Page  45). 


Acdcs  tacnioi'/iyuchus  Wiedemann 


Thorax  marked  with  lines  or  stripes 9 

Thorax  unmarked 10 


Large  yellowish  species,  with  Itroad  yellow  median  thoracic,  slri[)e.  legs 
heavily  fringed  with  upright  scales  (Page  46). 


Psorophora  ciliata  Fabricius 
Small  Itlack  species,  thorax  marked  with  white  lyre  shaped  design,  palpi 
white  lipped,  altdominal  segments  with  lateral  white  spots  (Page  44). 

Acdcs  aegypti  {Stcgoniyia  Jasciata) 

10.  White  markings  of  legs  narrow,  abdominal  bands  nearly  divided  in  the 

middle  (Page  44) \cdcs  vexaiis  (Meigen 

Large  purplish  species,  with  two  terminal  joints  and  apex  of  middle  joint 
of  hind  tarsi  white  (Page  47) Psorophora  sayi  Dyar  and  Knab 

11.  .\bdominal  segments  banded  with  white  at  the  ajtex  only  (Page  42). 

Cidcx  Icslacciis  vtin  der  Wul[) 
Abdominal  segments  banded  with  white  at  base  only 12 

12.  Under  side  of  abdomen  with  unbroken  black  bands  (Page  42). 

Cii/cx  crratnits  Dyar  and  Knab 
Under  side  of  tibdomen  not  completel\’  btinded 14 

13.  .U[)per  side  with  narrow  white  or  yellowish  bastil  bands 14 

.\bdomen  unbanded  dorsally,  lateral  spots  of  the  abdomen  not  visible 

dorsall_\’,  (Page  41).  C'///c.v  .V(///;nn'//i,v  Uoipiilletl 

14.  Hand  on  second  abdomintil  segment  somewhtit  triangular 14 

'Phis  band  tninsverse  (Page  41) Cttlcx  Icrrilans  Walker 

15.  .Abdomintil  bands  joined  to  the  hitcral  sjiots  (Page  40). 

Culcx  pipiciis  Linnaeus 

.\bdominal  bands  separtited  from  the  lateral  spots  (Page  40). 

Cii/cx  (/iiiiiijHcfascialns  .Stiy 
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Key  to  Full-grown  Mosquito  Larvae 


Without  breathing  tube,  lying  i)arallel  with  water  surface  in  surface 

him 1 

With  breathing  tube;  when  breathing,  hanging  from  surface  film  at 

t an  angle 2 

! Palmate  hairs  on  abdominal  segments  3 to  7 equal  f A . qtiadrimactihitia:. 


in  size. 


\ .1 . punclipcititis. 


I Palmate  hairs  on  abdominal  segments  3 and  7 smaller  than  those  on 

[ segments  4,  5,  and  6 1 - cnicidiis. 

I IMore  than  one  pair  of  hair  tufts  or  hairs  on  breathing  tube 10 

' .3  single  pair  of  hair  tufts  on  breathing  tube 3 

I Abdominal  hair  tufts  star-shaped;  head  iiear-shaped,  with  four  coarse 

i head  hairs  (Page  47) Uraiiolcoiia  sappliiriiius. 

I Abdominal  hair  tufts  not  star-shaped;  head  not  jrear-shaped,  head 

I hairs  slender 4 

I Breathing  tube  ver}'  short,  dorsal  head  hairs  single  (lound  in  salt 

I water) 5 

' Breathing  tube  at  least  three  times  longer  than  wide  (found  in  fresh 

( water) 6 

' Breathing  tube  not  more  than  twice  as  long  as  wide;  scale  of  eighth 
! abdominal  segment  with  long  central  spine  (Page  44)  sollicitans. 

Breathing  tube  not  more  than  one  and  one-half  times  as  long  as  wide, 
scale  of  eighth  abdominal  segment  rounded  at  tip,  fringed  with  slender 

[ equal  spines  (Page  45) tceniorhynchns. 

( Head  square,  almost  straight  across  front;  antenna*  arising  from  near 
1 middle  of  sides  of  head;  mouth  brushes  prominent,  at  outer  angles 
i of  head;  a very  large  larva  when  full  grown  (Page  46). 

Psora phoro  ciliata. 

Head  normal,  rounded;  antenna*  arising  from  sides  of  front  of  head..  . .7 
Scales  of  eighth  abdominal  segment  6 or  7,  joined  at  bases  to  a band; 

breathing  tube  large,  sw(dlen,  with  four  or  live  st  rong  spines  S 

Scales  of  eighth  abdominal  segment  10  to  50,  not  joined  to  a band,  but 
arranged  in  a triangular  patch;  breathing  tube  short,  not  swollen, 

with  a double  row  of  small  spines D 

Antenna  shorter  than  head  (Page  46) Psoropliora  toli())!bia(\ 

.\ntenna  much  longer  than  head,  slender,  slightly  curved. 

Psorophoro  sayi. 

Dorsal  head  hairs  multiple,  antennal  tuft  multiple;  last  twt)  spines 
in  row  on  breathing  tube  larger,  separated  from  the  rest,  and  trom 

1 each  ot  her  ( Page  44) ‘ 

Dorsal  head  hairs  single;  antenna  with  single  hair  replacing  usual 
tuft;  breathing  tube  dark,  barrel-shaped;  a long,  slender  larva  found 
[ in  artificial  containers  (Page  43) 
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ViiU'iina  willi  lull  arising  ^|■()nl  iiiiddic  dI  uniformly  shaju'd  joint;  lufis 
of  l)rcathin>;  tuhu  roplaci'd  hy  six  Ion;;,  coarsu  liairs. 

( 'hIcx  rcslHiUts. 

Anlunna  with  tuft  arisiiif^  from  a notcdi  two-thirds  tin-  dislanc'c'  Irom 
l)asc  to  lip  of  joint,  |)arl  hi'yond  tuft  slcndi'r;  hrcalhiiiK  lul)c  with 


from  6 to  to  liair  tufts i i 

Breathing  tul)e  long,  slemh'r,  ahoul  st-\c'n  timi'S  as  long  as  wide 12 

Breathing  tuBe  about  three  times  as  long  as  wide lA 


1 torsal  liead  hairs  single,  seak'  |)al eh  of  eight h abdominal  segmimt  of  mans' 
scales  in  a triangular  patch  (Bage  42) Cn/rx  Ics/arrn.s. 

Dorsal  head  hairs  multiple;  seak*  |)al(  h as  in  /<■s/(lc/■us  (i’age  41). 

( 'lilcx 

Lower  dorsal  head  hairs  long,  single;  u|)per  pair  short,  mullijjle;  scale 
pateh  of  eighth  abdominal  segment  of  few,  shar[),  pointed  scales  in  an 
irregular  double  row  fPage  42) Culcx  crralicus. 

Dorsal  head  hairs  multiisle;  scale  jratch  of  many  scales  in  a triangular 
patch;  breathing  tube  slightly  swollen  at  base,  bottle-shaped;  breeding 
by  ])reference  in  isolluted  water;  a very  common  s[)ecies  (I’age  40). 

Culex  qniiiqiicfasciatiis . 


('MAPI  KK 


SUBFAMILY  CULICINAE 

TRIBE  ANOPHELINI 

Palpi  as  long  as  or  longer  than  the  proboscis  in  both  male  and 
female  and  in  the  male  more  or  less  clubbed  at  the  end;  proboscis 
straight;  scutellum  sim])le,  never  trilol)ed;  metanotum  nude. 

In  the  We  stern  Hemisphere  all  of  the  malarial  carriers  are  found 
in  the  (lenus  Anopheles.  (Malaria,  Chap.  XX\  .) 

Genus  Anopheles  (Meigen) 

Description.  With  scales  on  the  head  and  wings,  often  hair 
like  scales  only  on  the  thora.x  and  abdomen;  mostly  upright  forked 
scales  on  the  head;  the  scales  on  the  wings  are  large  and  lanceolate; 
the  palpi  are  usually  only  slightly  scaled;  second  marginal  cell  at 
least  as  long  as  its  petiole;  mesothora.x  elongate,  over  twice  as  long 
as  wide;  scutellum  rounded  not  lobed.  with  scales  or  hairs;  meta- 
notum nude;  antennal  segments  in  the  female  are  without  dense 
lateral  scale  tufts;  these  are  present  in  the  male;  wings  with  six 
scaled  longitudinal  veins, 

ANOPHELIvS  nUADRlMAC'l’LATUS  (Say) 

.1.  quadrimaculatus  has  four  black  spots  on  the  second  and  fourth 
wing  veins.  I he  jialpi  are  unilormly  dark  blown  and  the  sixth 
vein  is  wholly  darked  scaled. 

Habits.  Phis  moscjuitti  is  rather  fastidious  in  its  choice  of  a 
breeding  jilace  and  much  jirefers  clean,  clear,  C[uiet  watei,  such  as 
large  ])onds  and  grassy  imddles.  It  will  not  breed  in  sewage  pol- 
luted water.  It  breeds  especially  in  ponds  of  considerable  width 
and  dejith  but  when  more  favorable  breeding  places  are  scarce  it 
may  be  found  in  small  pools  and  occasionally  in  post  holes,  hoot 
jirints,  and  rarely  at  the  edges  of  slow  moving  streams  where  there 
is  jiraclically  no  surface  llow.  In  iionds  it  is  ordinarily  found  near 
the  edge  in  shallow  water,  sheltered  and  protected  by  water  plants, 

,u 
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I'  !<;.  14. — WiiiKS  of  .1  Hiiplirlcs  mosqiiitoc's  shown  to  tlu‘  saiiu'  scalu.  ( i ) .1 . 
(2)  .1.  pioiili pi  ll n is:  (4)  .1.  hiirhi-ri:  (4)  .1.  alhiinunus-,  (5)  inuiiiti pi-nit is;  {(>)  .1 
pnncli  pennis;  (7)  .1,  ulnipos;  (8)  A.  u'ulkfri;  (y)  .1.  ijitiiiliiiiuii  hIhIhs.  (I'roni  S 
Howard,  Dyar  and  Knab,  by  courtesy  of  CariU'Kie  Institution.) 


I nil  ill  iix; 

. pSt'llilll- 

titt,  after 
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but  il  has  l)oc-n  re‘i)ort(.‘(l  from  tlu'  middle  of  a lar^e  i)()nd  iu  six  lect 
of  water  where  lloatage  (broken  pieces  of  wild  celery  and  pollen) 
furnished  protection  l)y  preventing  any  break  in  the  waves,  thus 
pt'rmilting  only  long,  smooth  swells,  and  also  turnishing  ])rotection 
against  lish. 

,1.  (ji(adi'ii)ui('ul(ilus  enters  occuj)ied  dwelling  houses  in  large 
numbers  and  therelore  comes  into  intimate  contact  with  people 
at  the  time  it  is  ready  to  feed.  It  may  be  guided  into  the  house  l)y 
lights,  even  bv  light  rellected  up  the  chimney,  and  it  may  enter  a 
house  bv  way  of  the  chimney  as  well  as  through  unscreened  windows 
and  doors  and  through  crevices  and  cracks  in  the  walls  and  floors  of 
poorlv  constructed  houses.  It  is  also  found  in  out  buildings  such  as 
])rivies.  It  perha])S  prefers  the  l)lood  of  man  to  that  of  animals. 
It  may  lly  as  far  as  i miles  from  its  breeding  i)lace.  This  is  not 
usual,  but  from  j-i?  to  i mile  is  a common  tlight  foixl . qiiadrimaculatus. 
The  greater  the  amount  of  breeding  the  greater  the  number  that  will 
be  found  at  a distance  from  the  breeding  place,  and  the  greater  the 
tendency  towards  long  tlight  up  to  the  maximum.  .1.  qnadrimacu- 
latus  is  an  efficient  carrier  of  Plasmodium  viva.w  P.  falcipanim  and 
P.  malariae.  Probably  most  malaria  is  contracted  at  night  in  the 
house  from  the  bite  of  this  Anopheline.  It  may  be  found  from 
INIexico  to  Xew  lAiigland.  east  of  the  Rocky  IMountains. 


.ANOPHELES  CRUCEAXS  (AVicdomiinn) 

.1.  o'uciaiis  has  the  wings  heac'ily  spotted,  the  front  margin 
darkest.  The  si.xth  vein  has  three  dark  spots  one  at  each  end,  one 
at  the  middle.  In  the  female  the  terminal  joints  of  the  palpi  are 
white  throughout,  the  iienultimate  joint  is  white  at  the  base  and 
apex,  and  the  longest  joint  has  a white  ring  near  its  middle. 

Habits.  .1.  crucians  also  may  be  found  in  inhabited  dwelling 
houses.  It  is  not  so  widely  distributed  as  are  the  other  species. 
It  bites  on  porches  and  is  commonly  found  under  the  house  or  around 
the  house  in  out-houses,  ])rivies,  stables  etc.,  and  seems  to  prefer 
the  blood  of  animals  to  that  of  maji.  Its  maximum  llighl  distance 
is  iirobably  the  same  as  that  of  -1.  quadrimaculalus.  It  may  be 
found  breeding  side  by  side  with  other  Anopheles  but  may  adapt 
itself  to  brackish  water  as  in  salt  marshes,  or  water  containing  small 
amounts  of  chemicals,  conditions  under  which  neither  .1.  quadri- 
maculalus nor  .1.  punclipennis  will  breed.  -1.  crucians  is  a proven 
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I ran.-'iiiit tiT  ol  l^Iasmodium  fahijhinou  and  /^  viviix.  Il  may  he 
found  in  tlu‘  casU’rn  I'nitod  States  from  New  ^’o^k  to  Mexico; 
and  in  ('uha  and  Jamaiia. 

ANOIMIKl.KS  |-r.\(”n  IM'A  NIS  (Say) 

Anopheles  pnneli peiniis  ha>  the  front  maritin  of  the  wing  dark 
except  lor  a conspicuous  yellow-white  ])atch  about  one  cpiarter  th(‘ 
way  from  tip  to  base,  with  a smaller  white  i)atch  near  the  tip.  I'hc' 
sixth  vein  is  dark  scaU'd  at  both  ends  and  light  in  the  middle. 
The  ])alpi  are  uniformly  brown  and  the  thorax  has  a wide  jxde  gray 
longitudinal  strij^e. 

Habits,  d'his  mos<iuito  is  more  widely  distributed  and  more 
numerous  than  either  of  the  other  s])ecies.  It  is  most  in  evidence  in 
tire  early  evening.  It  is  rarely  found  in  occu])ied  dwelling  housi's 
and  then  usually  after  cool  weather  lias  set  in.  It  is  a biter  on 
porches  and  is  found  under  houses  and  in  out  houses,  ])ig  pens  and 
the  like.  It  seems  to  jirefer  the  blood  of  animals  to  that  of  man. 
It  does  not  lly  far  from  its  breeding  places  which  may  be  streams, 
ditches  and  sjirings  as  well  as  small  ponds,  marshy  areas  or  other  places 
where  .1.  quadrimaeidatus  will  breed.  It  is  occa^iiomtlly  found 
breeding  in  artificial  containers,  and  may  also  develop  in  brackish 
water.  Slight  jiollution  of  the  water  does  not  deter  it  from  breed- 
ing. Anopheles  pnneli pennis  is  a jiroven  carrier  of  Flasmodium 
vivax  and  P . falei poruni. 

The  latter  two  species  of  mosquitoes  are  less  important  dissemina- 
tors of  malaria  than  .1.  qiiadriniacnlatns  because  they  do  not  enter 
houses  so  readily  and  as  the  Anophelines  are  shv  they  are  not  so 
a])t  to  bite  while  persons  are  moving  about  outside  of  the  house. 

hxcept  in  the  arid  regions  A.  pnneli  pennis  is  found  in  the  United 
States  from  Mexico  to  C'anada. 

.WOi'HKLKS  I’SKrDOI’fXC'I'II’KXXlS  { Tlu'ohahl) 

'I'he  front  margin  of  the  wing  has  three  light  spots,  one  about 
one-third  the  distance  from  base  to  tip,  one  about  two-thirds  and 
one  at  the  extreme  tip.  The  .sixth  vein  is  whiti'  at  the  base  and  black 
in  the  outer  half.  'The  fringe  on  calge  of  the  wings  has  pale  siiots 
at  tips  of  all  veins,  d'he  palpi  ha\e  the  tips  white,  the  base  and 
apex  of  ])enultimat(‘  joint  are  banded  with  white  and  there  is  a white 
ring  near  the  middle  of  last  joint.  The  markings  of  the  jialpi  differ- 
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cntiale  this  species  from  .1.  pitiicli pciniis  in  which  tlie  palpi  are 
unhanded. 

Habits.  This  moscjuilo  is  lound  in  the  southwestern  ])art  of  the 
Ihiited  States,  southern  C'alifoimia  and  'Fexas,  and  extends  down 
throuj^h  Mexico  and  Panama  into  South  America.  It  may  enter 
houses.  It  Ijreeds  in  pools,  ditches,  and  at  the  edges  of  streams, 
preferring  clear  pure  water.  A.  pseudo piinctipcnnis  is  a j)roven 
carrier  of  P.  falei parum. 

.WOPHELE.S  ARtl VRPr.VR.SUS  (Rohineau-Dcsvoidy) 

This  moscpiito  has  been  found  to  breed  in  small  collections  of 
water  such  as  seepage  i)ools,  hoof  prints,  swampy  pastures,  ditches 
containing  but  a small  amount  of  water  and  in  artificial  containers. 
The  presence  of  algae  is  necessary.  The  adults  bite  at  dusk  and 
during  the  night.  Panama.  Brazil. 

ANOPHELES  ALBIMANUS  (Wiedemann) 

This  mosquito  breeds  in  fresh,  brackish  or  even  delinately  salt 
water  but  not  in  foul  water.  Larvae  have  been  taken  in  swamps, 
hoof  prints,  wheel  ruts  and  seepage  water.  The  adult  enters  occu- 
pied houses  in  large  numbers.  It  is  found  in  Tropical  America,  the 
Antilles  and  southern  Florida. 

A N ( )]’H  ELES  d' A RSI  M ACTE  ATA  ( Ooeldi) 

This  mosejuito  breeds  in  Iresh  or  brackish  water  but  not  in  foul 
water.  Larvae  have  been  tound  in  rivers,  swamps,  ditches,  small 
water  holes  and  in  artificial  containers.  'Fhe  adults  enter  dwellings 
at  dusk  and  leave  in  the  early  morning.  Panama.  Porto  Rico. 

.WOI'HELES  MAC't'l.lPEXXIS  (Mei^wn) 

This  is  a medium  sized  blackish  moscpiito  with  four  dark  spots 
on  wing  as  follows  base  ol  second  \'ein  in  the  cell,  on  the  cross 
veins  and  forks  of  second  and  lourth  vein.  1 he  ti])  ol  the  wing  shows 
a coppery  rejection  in  the  Iringe.  In  America  this  mosc[uito  is 
known  as  occidcnUilis.  In  F-urope  it  is  a common  \ector  of  malaria 
and,  it  also  plays  a jiart  in  the  sjiread  of  malaria  in  the  Western 
United  States.  It  breeds  in  water  puddles  prelerring  permanent 
water.  It  is  found  in  Furo|)e,  Asa,  Western  L nited  States  (except 
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Fig.  15. — Head  and  thorax  of  mo.squitoes;  i and  2,  male  and  female  Ciilex  qitinque- 
fasciatiis;  ,?  and  4,  male  and  female  Anopheles;  5 and  h,  male  and  female  Aeiles 
aegypti.  (From  Stitt's  ” Practical  Bacteriology.  Blood  Work  and  Animal  Parasitology  " 
7th.  Kdtion.) 


TRIBE  CULICINI 

In  this  tribe  the  palpi  in  tlie  male  are  as  long  or  longer  than  the 
proboscis,  in  the  female  shorter  than  the  proboscis;  the  proboscis  is 
straight;  the  metantjtum  nude  and  the  scutellum  trilobed. 

Genus  Culex  (Linnaeus) 

Adult,  d'he  scales  on  the  occiput  and  vertex  are  narrow  and 
curved  with  numerous  forked  scales  on  the  occiput  and  laterally 
a i)atch  of  llat  scales,  d'he  scutellum  is  trilobed  and  clothed  with 
narrow,  curved  scales,  d’he  wing  scales  are  usually  long  and  narrow, 
d'he  palpi  in  the  female  are  three-segnn-nted.  in  the  male  not  clubbed 
but  hairy,  d'lu-  basal  cross  \'ein  is  rc-moti-  from  the-  anterior  cross 
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Larva.  All  sixxics  ol  Cidex  considered  herein  (included  in 
Konip's  key)  have  more  than  one  pair  of  tufts  on  the  breathing  tulre. 
This  immediately  se])arates  them  Irom  the  larvae  of  other  genera. 
In  all  s])ecies  e.\cei)t  Ciilcx  territans  the  antennal  tufts  j)roject  from 
an  otiset  al)out  two-thirds  the  distance  from  the  base  to  the  tip; 
the  antenna  are  thick  at  the  Iraseand  the  part  beyond  the  tuft  slender. 


t'l’LEX  Ql'lXQfEFASt'lATUS  (Say)  (=EATI{;AXS) 

Adult.  'Ehis  imi)ortant  member  of  the  Genus  Culcx  transmits 
hlariasis  (Chap.  XX\'I1I).  ddie  mosquito  has  a wide  distribution 
over  the  I'ropics  and  warmer  parts  of  the  d'em])erate  Zone.  In  the 
Xorth  it  is  re])resented  by  Culcx  pipiens  Linnaeus.  Both  are  found 
in  the  vicinity  of  Washington  I).  C.  I'he  proboscis  and  legs  are 
uniformly  dark  brown  in  color,  not  ringed  ))r  spotted. 

C.  pipiens  has  the  thorax  clothed  with  narrow,  curved,  golden- 
brown  scales;  the  abdomen  has  continuous  pale  bands  at  the  bases 
of  the  segments  joining  the  lateral  spots,  the  band  at  base  of  second 
segment  somewhat  triangular;  the  petiole  of  the  first  submarginal 
cell  is  from  one-fifth  to  one-sixth  as  long  as  its  cell.  It  has  a northern 
distribution  and  is  common  in  Europe,  Asia  and  X^orth  America 
from  \'irginia  to  ('anada.  It  is  also  found  in  Chili  and  Argentine. 

In  C.  quinqucj'asciatiis  the  thorax  has  a more  grayish  appearance 
and  the  bands  on  the  abdomen  are  separated  from  the  lateral  spots. 
I'he  petiole  of  the  first  submarginal  cell  is  about  one-fourth  as  long 
as  its  cell,  d'here  are  also  differences  in  the  male  genitalia. 

Larva.  The  larvae  of  C.  pipiens  and  C.  quinquefaseialtis  (Fig. 
7)  are  very  much  the  same  exce])t  that  in  C.  pipiens  the  breathing 
tube  is  about  five  times  as  long  as  wide,  there  are  about  fifteen  teeth 
in  the  pecten  and  the  subdorsal  hairs  on  the  abdominal  segments  are 
three  or  four  double.  In  C.  quinquejaseiatus  the  breathing  tube  is 
about  four  times  as  long  as  wide,  there  are  about  nine  teeth  in  the 
])ecten  and  the  subdorsal  hairs  on  the  abdominal  segments  are  three 
or  four  single. 

d'he  air  tubes  of  both  ta])er  rather  rapidly  after  the  middle.  On 
the  air  lube  are  four  paired  tults  ol  hairs  the  third  pair  being  out  of 
line.  The  antennal  tufts  are  outwardly  placed  with  the  part  beyond 
slender.  'I'he  scale  iiatch  on  the  eighth  segment  consists  ol  many 
scales  (about  40)  in  a triangular  patch.  These  scales  are  linely 
fringed  at  the  tip. 


Sl'HI  \.M1I  N ( r I.K'INAI'. 


4 I 

Habits.  ( . qu'niqiicfasiititus  is  tin-  common  house  moscjuito 
of  the'  'Tropics  and  Subtropics.  It  is  domestic  in  its  habits  and  not 
at  all  fastidious  as  to  its  brc'calinif  place  but  secmis  to  ])relc‘r  tdthy 
watc-r  and  mav  commonly  bc'  found  brc'cdiiptf  in  cess  pools,  sewers. 
< atch  basins,  collections  of  fdthy  watc-r  in  low  areas  beiny^  hik'd  by 
citv  wastes,  dirty  water  in  artific  ial  containers  and  the  like. 

It  may  bite  at  an>’  time'  outside'  but  it  is  esjcecially  troublesome 
in  the  house  at  niyht  and  durinfj;  the'  aftc'imoon  il  the  room  is  darkened. 
Ardcs  (ic^ypli  and  i'nlcx  qu'niqucfasi  talus  have  a similar  distribution. 
The  latter  is  essentially  a niyht  biter  while  the  former  bites  in  the 
day  time. 


CULEX  S.M.lXARll'.S  (Coquillelt ) 

Adult.  'This  moscjuito  closely  resembles  C.  quinqucjascialiis. 
The  abdomen  is  blackish  above  with  or  without  narrow,  basal, 
whitish  bands  joining  the  lateral  s})c)ts.  It  is  found  in  the  eastern 
part  of  the  United  States. 

Larva.  'The  larva  has  a very  long  slender  breathing  tube,  about 
seven  times  as  long  as  broad.  Eight  small  tufts  occur  between  the 
spines  and  the  tij)  of  the  tube.  'Ehe  paired  head  hairs  are  multiple. 

CULEX  TERRET.AX.S  (Walker) 

Adult.  'This  moscjuito  also  closely  resembles  C . quiuqucfascialns. 
The  abdomen  is  blackish  brown  above  with  basal  segmental  whitish 
bands  transverse  and  even.  It  is  found  in  Eastern  Xorth  America 
from  the  (iulf  of  Me.xico  to  Canada. 

Larva.  It  is  much  like  C.  quiitqiiejasciatus  but  instead  of  the 
antennal  tufts  arising  from  an  offset  about  two-thirds  the  distance 
from  the  base  to  the  tij)  of  the  antenna  as  it  does  in  C.  quinque- 
fascialus  and  other  members  of  the  Cenus  Culcx  mentioned  herein, 
the  tuft  arises  from  the  middle  of  an  evenly  taj)ering  antenna.  'The 
tufts  on  the  breathing  tube  are  rej)lacecl  by  si.x  long,  coarse  hairs  with 
a small  tuft  near  the  tij). 

Habits.  Culcx  saliuarius  and  C.  Icrrilatis  resemble  C.  quitiquc- 
fa.scialus  closely  in  aj)j)earance  ancl  habits  and  they  are  often  found 
associated  with  each  other.  ('.  Icrrilatis  jerefers  cleaner  water  than 
C . quiuqucfascialus  and  is  more  frecjuently  found  in  rural  sections 
in  dirty  ground  jcuddles.  It  is  often  found  in  rain  barrels.  Like 
C . quiuqucfascialus  it  is  a house  moscjuito  and  bites  at  night.  ('. 
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Sdliiiariii.s  is  oflcn  found  in  fresh  water  ])()ols  near  the  sea,  but  it 
also  occ  urs  inland  and  may  l)reed  in  rain  barrels.  Its  habits  arc 
similar  to  the  others. 

C't'LEX  'I'KSTACKr.S  (van  der  Wulp) 

Adult.  A small  blackish  mosquito.  'I'he  le<>;s  are  unhanded  and 
uniform  in  color,  ddie  abdominal  segments  are  banded  with  white 
at  the  ape.x  only.  It  has  a wide  clistribution  in  the  Unitecl  States  and 
Murope. 

Larva.  The  breathing  tube  is  very  long  and  slender,  seven 
times  as  long  as  wide.  There  are  eight  small  hair  tufts  between 
the  pecten  and  the  tij').  The  head  is  broader  than  the  thorax. 
The  antennae  are  light  colored  at  the  base  and  darker  beyond  the 
tuft.  Both  jrairs  of  dorsal  head  hairs  are  single.  This  differen- 
tiates from  the  larva  of  C’.  sali)iarius  which  also  has  a very  long 
breathing  tube  but  which  has  multiple  head  hairs. 

Habits.  Culcx  lestaccus  breeds  in  i)ermanent  pools  filled  with 
aquatic  vegetation.  It  is  often  found  associated  with  Anopheles 
larvae  or  with  the  three  Culicids  mentioned  above  in  rain  barrels 
and  other  artificial  containers.  It  does  not  bite  man. 

CULEX  ERRATICrS  (Dyar  and  Knab) 

Adult.  I'his  is  a small  black  species  with  unbanded  proboscis 
and  legs,  characterized  by  the  unbroken  black  band  on  the  under 
side  of  the  abdomen,  a mark  found  in  no  other  common  mosquito. 

Larva,  d'he  larva  is  small,  often  bright  green.  I he  bases  of 
the  antennae  are  cons])icuously  white.  I he  first  pair  of  head 
hairs  is  long  and  single,  the  second,  short  multiple  tufts.  I he 
scale  i)atch  of  the  eighth  segment  consists  of  an  irregular  double 
row  of  sharp  pointed  scales  not  fringed  at  tip.  1 he  breathing  tube 
has  five  pairs  of  very  long  tufts  beyond  the  pecten.  1 he  body  is 
very  hairy  (pilose)  which  character  separates  it  from  all  other 
common  C'ulex  larvae. 

Habits,  d'his  is  a s])ecies  inhabiting  the  southern  Mississipj)i 
X’alley  into  (leorgia  and  Florida,  d he  laiwae  are  common  in 
])ermanent  bodies  of  walc'r  co\'ered  with  duck  weed,  associated  with 
the  laiwae  ol  A}iopheles  and  iP'diioUnniin  sd pphwi nits.  I he  adidt 
will  enter  houses  but  is  not  very  troublesome. 
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Genus  Aedes  (Meigen) 

Adult.  I'lu'  sialrs  on  hrad  ami  sculi'lluni  arr  broad  and  ap- 
pri'ssrd.  I'ho  pal|)i  of  tlir  lianalr  arc  short,  aruniinatr  and  s])arsly 
lulled,  i)al])i  of  llio  male  long  and  tufted.  Palpi  with  three  segnumts 
in  the  female,  the  three  segments  eipial  in  length.  Melanotum  nude. 
Legs  uniformlv  sealed  with  llal  sc  ales.  I*  irst  submarginal  cell  long. 

Larva.  I'he  larwve  ha\’e  seale  |)atehes  eonsisting  ol  a lew  to 
manv  jioinled  scales  not  finely  fringed  as  in  C'ule.x.  d'here  is  only 
one  pair  of  tufts  beyond  the  spines  on  the  breathing  lube  and  the 
antennae  are  usually  uniformly  ta])ering  with  the  tult  at  or  near  the 
middle. 

AF.DKS  .\K(;Vl’ri  (Linnaeus)  (.S'l'KdOM VI.\  !'.\S('I .VIW) 

Adult.  'Phis  im]')ortant  member  of  the  genus  is  the  moscjuilo  which 
carries  yellow  fever  and  dengue  (C'ha])s.  XX\’I  and  XX\dl).  It  is 
blaekisli,  marked  with  silvery  white,  d'he  thorax  has  two  median 
broken  silvery  white  lines  and  lateral  curved  siKery  lines,  these 
markings  taking  the  form  of  a lyre,  d'he  proboscis  is  not  banded. 
I'he  abdominal  segments  are  ornamented  with  lateral,  triangular, 
>ilvery  white  spots.  The  tarsal  segments  are  banded  at  their  bases 
with  silvery  white,  and  the  last  joint  of  the  hind  tarsi  is  wholly  white. 
The  claws  of  the  female  are  toothed  at  least  on  front  and  middle 
legs.  Lhe  clypeus  is  white  scaled.  This  is  a tropical  mosquito  but, 
in  summer  is  also  found  in  temperate  regions. 

Larva.  (Pig.  i,t).^  d'he  air  tube  is  short  and  stout  a little  more 
than  twice  as  long  as  broad.  It  has  a single  pair  of  tufts  beyond  the 
pecten.  d'he  teeth  of  the  ])ecten  are  long  and  evenly  spaced  in  a 
regular  row.  Lach  spine  has  two  large  and  a few  small  teeth  near 
the  base.  'I'he  scales  of  the  patch  on  the  eighth  abdominal  segment 
are  few  in  number  (about  ten)  in  a single  row.  Lach  spine  has  a 
pointed  base  and  a long  terminal  spine  with  several  curved  spines  at 
each  side.  The  plate  of  the  anal  segment  does  not  form  a com])lete 
ring  around  it.  'Lhe  antennae  are  usually  uniformly  tapering  with 
a single  hair  instead  of  a tuft,  at  or  near  the  middle. 

Habits.  This  mos(|uito  is  distinctly  domestic  in  its  habits 
breeding  in  and  around  houses  in  bottles,  cans,  ])ots.  cisterns,  water 
barrels,  buckets,  rool  gutters,  bases  ol  llowerqiols.  etc.  which  contain 
clean.  Iresh  water.  In  the  absence  of  natural  breeding  places  the 
mosijuito  may  dejiosil  her  eggs  in  small  pools  around  a house  which 
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conlain  clean  I'resli  water  or  perhaps  in  street  gutters  or  collections 
ot  water  in  the  axils  of  leaves  or  knot  holes  in  logs  or  trees.  When 
hard  pressed  they  have  even  been  found  breeding  in  slo])  jars  and 
chambers  containing  dirty  waiter.  Under  such  circumstances  it  is 
probable  that  comjilete  development  rarely  takes  place.  They  do 
not  like  muddy  water  and  wall  not  breed  in  cess  pools. 

The  yellow’  fever  mos([uito  does  not  fly  far  from  its  ])lace  of  birth 
Iirobably  not  more  than  75  or  100  yards  or  not  farther  than  the  houses 
of  adjoining  neighbors,  but  they  may  be  carried  by  ships  and  perhaps 
by  trains  as  w’ell.  'Fhe  eggs  are  laid  at  or  just  above  the  water  level 
and  will  withstand  drying  for  a long  period  six  or  seven  months. 

.XEDE.S  \ EX.\XS  (Mcigen)  ( = SVLVESTRES) 

Adult.  This  is  a medium  sized,  brow’iiish  black  mosquito  w’ith 
the  proboscis  unbanded  and  the  thorax  uniformly  brown  in  color. 
There  is  a narrow',  dirty  white  ring  at  the  base  of  each  tarsal  joint. 
'I'he  abdominal  bands  are  constricted  at  the  centre  so  that  a B-shaped 
band  is  formed  at  the  base  of  each  abdominal  segment  more  notice- 
able on  the  terminal  segments.  This  mosquito  is  found  in  North 
America  from  iMexico  to  Canada,  except  on  the  Pacific  Coast  and 
the  far  north. 

Larva.  The  head  is  widest  behind  the  eyes,  tapering  tow’ards 
the  front.  Both  pairs  of  dorsal  head  hairs  are  multiple.  The  scale 
patch  on  the  eighth  segment  is  composed  of  from  10  to  15  scales  in 
an  irregular  double  row’,  each  scale  sharply  pointed  at  the  tip  and 
fmely  fringed  on  the  side.  The  breathing  tube  is  about  three  times 
as  long  as  wide.  The  last  tw’o  teeth  of  the  pecten  are  separated  from 
the  jiecten  and  from  each  other. 

Habits.-  This  is  an  early  spring  species  breeding  in  w’ootlland 
pools  or  in  open  swamp  pools.  The  common  w’ood  mosquito.  It 
seldom  enters  houses  but  may  be  troublesome  near  its  place  ol 
breeding. 


AEDE.S  SOLLICnWXS  (Walker) 

Adult.  'Phis  is  the  salt  marsh  moscpiito.  It  is  golden  brown 
in  color,  the  proboscis  is  centrally  banded  w’ith  w’hite,  the  sides  ol 
the  thorax  are  silvery  gray  beneath  a black  edge.  I he  bases  ol 
abdominal  segments  have  a wide  yellow’ish  w’hite  band  w’hich  is 
crossed  longitudinallv  by  a broad  line  ol  same  color  extending  down 
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llio  (.'(.'litre'.  riu'  liasi'  ot  I'iU'h  tarsal  joint  is  hroadl}'  rinfi;(.'(l  with 
whitr  and  the  last  joint  ol  hind  tarsus  is  wJiolIy  white.  It  is  lound 
alony  the  coast  from  Mi'xieo  to  .\ew  l'hi_it;Ian(l. 

Larva.  I'he  larva  is  stout  and  chunky  with  a very  short  hreath- 
iiif^  tube,  both  jiairs  of  dorsal  head  hairs  are'  sinj^le  and  rather  lonjf. 
d'hc'  antennal  tuft  is  small  and  arise's  from  the  middle  ol  the  antenna. 

The  Seale  ]nit('h  on  the  eighth  segmc'iit  consists  of  froni  20  to  40 
scales,  eac  h scale  being  c'lliptic  al  in  shajic'  and  hax  ing  a sharp  terminal 
spine  and  its  sides  fringed  with  smaller  sjiines. 

Habits,  d'he  salt  marsh  nioscpiito  brc'cds  in  salt  or  brackish 
jiools  on  tidal  marshes.  Aided  by  thc'  wind  it  may  lly  long  distances 
from  its  brec'ding  jilaces  (40  miles  or  more)  and  bites  during  the  day 
especially  in  the  late  cd'ternoon. 

.\K1)KS  rAbXIORHYXCHr.S  (Wiedemann) 

Adult.  'I'his  mosejuito  resembles  .lc(/c.s'  soil  id  tans.  It  is  smaller 
and  blackish  with  no  dorsal,  central  abdominal  stripe.  bhe  jirobos- 
cis  is  ringed  centrally  with  a narrow  white  band,  d'he  tarsi  have  a 
narrow  white  band  at  the  base  but  the  last  joint  of  the  hind  tarsus 
is  wholly  white.  In  a form  occurring  in  Florida  the  last  joint  of  the 
hind  tarsus  is  largely  black.  {Acdcs  porioricoisis  Ludlow.) 

Larva.  The  larva  resembles  that  of  A.  sollidlans  but  it  has  a 
shorter  breathing  tube  which  is  not  more  than  one  and  one  half  times 
as  long  as  wide.  Each  scale  of  the  scale  patch  is  rounded  at  the  tij) 
and  is  fringed  with  from  10  to  14  s])ines  all  alike  but  smaller  towards 
the  base  of  scale,  d'he  spines  of  the  pecten  niay  be  toothed  on  the 
-'ides  with  three  or  four  small  teeth. 

Habits.  Sirnilar  in  habits  to  .lc(/c.v  solliciluns . 

Genus  Psorophora  (Robineau-De.svoidy ) 

In  this  genus  there  are  two  subgenera.  Psora phora  ])roper  in  which 
the  larvae  are  ])re(lac'e()us  and  J anthinosoiua  in  which  the  larvae  are 
not  ])reclaceous. 

Subgenus  Psorophora.  Larva,  d'he  head  is  (|uaclrate  and 
widest  between  the  eyes,  d'he  antennae  are  sc't  well  back  on  the 
sides  of  the  head,  d'hc'  scales  ol  the  sc'ale  jiatc'h  are  large'  and 
placed  in  a single  row  with  a large  ])at('h  of  \'ery  small  scales  above 
them,  d'he  breathing  tube  is  large'  and  swollc'ii  and  tapers  rai)icllv 
from  middle  to  ti]). 
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Subgenus  Janthinosoma.  Larva. — 'I'hc  scales  of  the  scale  patch 
are  few  and  arranged  on  a hand,  d'he  breathing  tube  is  large  and 
swollen.  tai)ering  from  middle  to  ti])  and  ])rovided  with  a double  row 
of  a few  coarse,  strong  s])ines. 


P.SOROI’HOR.V  ('1L1.\T.\  (Fahricius) 

Adult.--  d'his  is  a very  large  mosc|uito.  d'he  proboscis  is  not 
banded.  I'he  thorax  has  a broad  central  band  of  yellowish  brown 
scales.  On  each  side  of  this  band  is  a bare  shining  yellow  area 
wider  at  the  posterior  end.  There  are  no  s])ots  or  bands  on  the  abdo- 
men. 'Fhe  ti])s  of  all  femora  are  fringed  with  dense  scales,  d'he 
tibiae  of  middle  and  hind  legs  and  hind  tarsi  are  similarly  scaled, 
except  for  yellowish  white  bands  at  base  of  each  tarsal  joint.  It  is 
found  in  the  Eastern  and  Southern  United  States. 

Larva.  A very  large  larva.  The  hearl  is  almost  square  but 
broadest  between  the  eyes,  almost  straight  across  the  anterior  margin. 
The  antennae  are  set  well  dowm  along  the  sides.  The  mouth  brushes 
are  large  and  set  at  the  anterior  corners  of  head.  The  breathing 
tube  is  large  and  swollen  and  tapers  from  the  middle  to  the  tip. 
There  are  from  20  to  30  very  long  slender  teeth  in  the  ])ecten  with  one 
or  two  teeth  at  the  base.  Each  of  the  large  scales  of  the  scale  patch 
has  a long  terminal  spine  with  one  or  two  smaller  sjhnes  on  each  side. 

Habits.  This  giant  mosquito  breeds  in  temporary  inuldles. 
Its  lar\’ae  ]irey  upon  other  larvae.  The  adult  is  a hard  biter  but 
seldom  troublesome  except  near  its  breeding  place. 


I’S()R()1’H()R.\  C'()LUMBI.\E  (Dyar  and  Knat)) 

Adult.-  A large  brownish  black  mosquito,  spotted  and  mottled 
with  dull  white,  d'he  ])roboscis  has  a broad  dirty  white  band  and 
the  wings  are  rather  heavily  scaled.  The  abdomen  is  m)t  particu- 
larly marked  with  bands  or  spots.  The  lemora  of  the  first  pair  of 
legs  are  marked  near  the  apex  with  a narrow  white  band;  the  middle 
femora  have  almost  no  marking  while  those  of  the  hind  legs  have  a 
broad  white  band  near  the  apex,  d'he  tibiae  are  black  with  a white 
s{)ot  near  the  base  and  many  sjiots  of  white  along  one  side.  The 
first  tarsal  joint  of  the  hind  legs  has  a broad  white  band  in  centre 
which  is  less  noticeable  on  the  corresponding  joints  ol  the  fore  and 
mid  legs.  .Ml  the  tarsal  joints  are  ringed  with  white  at  their  bases 
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c'xrcpl  llu'  tillh  joinls  of  IOia'  and  middle  Ic^s  which  aia-  wholly  hlack. 
It  i>  found  in  ('uha,  tin*  Ihdiamas.  h'lorida,  and  I'cxas  northward. 

Larva.  The  lar\a  is  laryn-  and  chunky  with  short  cttrvcd  anten- 
nae. The'  tuft  is  about  at  the'  middle'  of  the'  anle'iina  and  the'  dorsal 
lu'ad  heiirs  are'  multiple',  d'lu'  >eale's  of  the  seaile'  patch  are'  >i.x  in 
number  and  altaehe'd  to  a band  at  Ihc'ir  base's.  Laeh  scale  has  a 
lonu;  termimd  spine'  with  a euiwed  subapieal  spine  and  two  or  thre'c' 
smaller  spiiie's  aloni^  e'aeh  side'.  'The'  bi'c'at hinij;  tube'  is  stout  and 
swollen,  tapc'rinjt;  from  middle'  to  tip.  with  three'  to  li\e'  stron.tt;  s|)ines 
in  the  lu'e  tem  each  spine'  with  one'  short  tooth  at  the  base.  'Phere  is  a 
small  ])aire'el  tuft  beyond  thepe'etc'u. 

Habits.  Larvae  of  this  s|)e'eie's  de'X’e'lope  rapidly  in  rain  water 
pools  in  warm  weather.  K.ti.tts  are  laid  in  the  dry  mud  at  the  bottom 
and  hatch  almost  immediately  after  contact  with  water.  After 
hatchinjf  the  cycle  is  completed  in  five  days,  d'he  adults  are  not 
aggressive  and  troublesome  only  aljout  their  breeding  places. 

I’.S(  )R(  )PI  I(  )K.\  S.W'l  (Dyeir  and  Knal)) 

Adult.  This  is  a wood  s])ecies.  a large  metallic  purpli^h  mos- 
ejuito  with  the  ti])s  of  the  hind  legs  only  pure  white.  It  is  found  in 
the  Atlantic  and  Clulf  States  as  far  North  as  Southern  Ontario, 
also  in  Chiba  and  the  Bahamas. 

Larva.  Similar  to  the  larva  of  P.  columbiac  but  the  antennae  are 
\-ery  long,  slender  and  cutwed.  with  the  tuft  at  the  middle,  d'he 
sjiines  of  the  pecten  are  three  or  four  in  number.  Lach  tooth  has 
a broad  base  and  there  are  a numlier  of  smaller  teeth  at  the  base 
of  the  long  terminal  spine,  d'he  scale  patch  is  similar  to  that  of 
/k  columbiac. 

Habits.  Psora pliora  sayi  breeds  in  woodland  pools,  .\elults 
are  troublesome  in  the  woods,  never  lea\  ing  the  shade,  but  they  bite 
fiercely  during  the  day. 


TRIBE  URANOTAENINI 

Uranotaenia  sapphirinus  (Osten  Sacken).  J.arvae  are  com- 
monly associated  with  A )io phiics  larvae  in  |)ools  with  much 
vegetation,  d'he  larva  holds  itself  parallel  to  the  surface  of  the 
water  and.  like  A )io phcles.  ofti'n  darts  sideways  when  disturbed. 
It  can  be  differentiated  immc'diately  from  A)io[)hclcs  laiwae  by 
the  [ireseiice  ol  a brc'athing  tube',  d'his  tube  is  short.  \'ery  sli'iieler 
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and  not  tapeiaal.  'The  haad  of  the  larva  is  pear  sha])e<l,  and  smaller 
than  the  thorax  as  in  Anopheles.  'I'he  dorsal  head  hairs  are  single. 
The  antenna  has  a single  hair  replaeing  the  usual  tuft.  The  abdo- 
men is  provided  with  long  star  shaped  tufts  of  hair  at  the  sides  and 
on  the  hack.  The  adults  are  seldom  seen  and  do  not  bite.  It  is 
found  in  the  kiastern  United  States  from  the  (iulf  of  Mexico  to 
northern  New  England. 


c'liArri'R  \i 


SUBORDER  ORTHORRHAPHA 

SECTION  NEMATOCERA  (CONTINUED) 

Families  Chironomidae,  Simuliidae,  Psychodidea 

C\‘iiain  otluT  I^'amilii-s  l)el()ng  to  the  Section  Xematocera  and 
are  thi-retore  related  to  the  niosciuitoes  and  not  inl'reciuently  con- 
tused with  them.  Many  are  a source  of  great  annoyance.  One  at 


Fk,.  i6.  - Mosquito-liki'  insi-cts  l)flonf>inK  t'>  llit*  faniilios  Chironomidae.  Simuliidae 
and  Psychodidae.  li)  Plilrlxi/d))! ns  pn pulasii:  I2)  1\  papatasii  (natural  size);  (3)  /'. 
papalasii  (larva);  (4)  I’,  pnpatasii  larva  (natural  size);  (5)  Cnliiaidfs  pntiiaris  (('hirtiii- 
omidae) ; (6)  C.  pnlicaris  (natural  size);  (7)  Chiiunuiinus  larva;  (K)  .Attitude  of  a Siniit- 
liiim:  (0)  Simulittni  yr plans;  (10)  Ltirvtie  of  Siinnl iioii . ( From  .Stitt's  “Prtietieal  Haett  ri- 

olof'y,  Hlood  Work  and  .Animtil  P;ir:isil(jIf)Ky  " 7lh.  Fdition.) 

least  is  known  to  he  ;i  carrier  of  disetise.  'I'he  most  importiint  of 
these  Families  are  the  ('hironomidtie  or  midges;  the  Simuliidae,  sand 
dies  or  buffalo  gnats;  and  the  Psychodidae  or  moth  midges. 

d'hese  insects  are  niostly  small  in  size,  many  of  them  being  able 
to  pass  through  the  nieshes  of  an  ordinary  mostiuito  bar.  .Many 
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of  ihcni  are  vicious  l)iters  and  extremely  troublesome.  Some  breed 
in  water,  others  re(|uire  only  moisture. 

'The  sand  lly  (Simiilinm  rcf)laiis)  a member  of  the  Family  Simul- 
idae  was  at  one  time  thought  to  be  implieated  in  the  oecurrence  of 
[)ellagra.  Phlcbolomus  paf>alasii,  a member  of  the  family  Psycho- 
didae.  is  a carrier  of  Pajipatici  fever. 


Family  Chironomidae 

( Midges) 

Adult.  The  Chironomidae  are  small  to  medium  sized  tlies  with 
a small  head  often  retracted  under  and  covered  by  the  thorax. 
Ocelli  are  absent,  d'he  palpi  are  short  with  two  to  live  segments. 
The  eyes  are  reniform  (kidney  shaped).  The  antennae  have  from 
six  to  fifteen  joints;  they  are  pectinate  in  the  male,  simple  and  com- 
])osed  of  fewer  joints  in  the  female.  There  is  no  transverse  suture  on 
the  thorax.  The  wings  are  somewhat  narrow  and  without  a vein 
along  the  iiosterior  margin,  the  costal  vein  ending  near  the  tip  of  the 
wing.  I'he  fourth  vein  is  often  and  the  fifth  vein  is  usually  forked. 
'I'he  legs  are  long  and  slender. 

Egg.  - The  eggs  are  small,  ovoid  or  long  and  pointed.  They  are 
laid  in  water,  sometimes  on  land,  separately  or  in  a gelatinous 
string  of  mucous. 

Larva.  The  larval  stage  is  usually  spent  in  water  such  as  the 
blood  worms  found  in  streams  and  stagnant  pools.  The  larva  has 
1^  segments.  Ihe  head  is  directed  downward  and  the  mandibles 
are  well  develoiied.  Delicate  jirocesses  (gills)  may  be  seen  on  the 
under  surface  of  the  iith.  and  12th.  segments. 

Pupae. ^ The  pupae  are  free,  tloating  in  water  or  on  the  bottom. 
Breathing  tubes  are  on  the  dorsum  of  the  thora.x. 


Family  Simuliidae 

(Sand  flies  Buffalo  gnats) 


Adult.  The 


Fi(..  I 7.  -Wing  of 
Simulitiin  (Siniuli- 
iiluf). 


Simuliidae  are  small,  robust  hump  backed  tlies 
without  ocelli,  d'he  antennae  are  short,  straight, 
cylindrical,  eleven  jointed  and  without  long  hairs, 
d'he  palpi  are  small  and  incurved.  The  eyes  of 
the  male  are  large  and  meet  in  the  middle  line, 
while  those  of  the  female  are  smaller  and  separate. 
'I'he  wings  are  broad  (,1‘ig.  17)-  I here  is  no  trans- 
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verso  suluro  on  the'  tliorax.  'I'lio  loijs  aia-  short  and  the  |)o>torior 
tihiao  and  tiu'  first  joint  of  t!u'  hind  tarsi  arc' 
dilated. 

Eggs,  d lu'  eggs  aia'  small,  o\'oid  and  yidlow- 
ish  in  color.  'I'liey  are  laid  on  or  uiuh'r  the 
suiiaee  of  water,  in  masses  attached  to  hhuK's 
o)  grass.  lea\es,  stones,  etc. 

Larvae.  The  larvae  always  li\-e  in  water 
attai  hed  to  objects  by  a ])osterior  sueki'r.  An- 
teriorly there  are  two  large  fan-like  processes, 
d'his  is  charaetiaastie.  The  lar\a  may  wander 
in  the  stream  still  attached  to  an  object  by  a 
long  spun  silken  thread,  (.hig-  iS.) 

Pupae.  The  larva  spins  a pupal  case.  'I'he  1-^1.,.^;  b,  pupa,  showing 
pupa  within  it  has  long,  chitinous.  branched,  I'cspiratory  hiamcnts. 

^ ^ ' (From  Ffjlsoni  s Lntoni- 

breathing  tubes  on  each  side  of  the  thora.x.  ology,"  ,3rd.  Edition.) 


Family  Psychodidae 

(iSIoth  midges) 

Adult. — d'he  Tsychoditlae  are  small  flics  without  ocelli  and 
h the  body  densely  covered  with  coarse  hairs.  The  antennae  are 
lons^.  twelve  to  si.xteen  jointed  and  little  different  in  the  sexes. 
The  thorax  hrfs'.ny  transi.’erse  suture  and  is  not  greatly  arched.  The 

*\  wings  are  broad  and  hairv.  There  are 
six  or  seveiidongitudinal  veins,  the  2n(l. 
and  4tlE^  forked,  the  2nd.  sometimes 
forked  tn'rce. . (Fig.  ip-)  There  is  no 
discal  cell.  The  legs  are  long  with  hairs 
or  scales.  C'laws  long.  Male  genitalia 
large  and  conspicuous. 

Egg. — The  eggs  are  elongate,  dark  brown  in  color  with  longitudinal 
dark,  wavy  lines,  laid  singly  or  in  clusters  in  dark,  damp  ])laces, 
attached  to  a surface  by  a sticky  substance. 

Larva,  d'he  larva  lives  in  dark,  damp  [)laces.  The  head  is 
large  with  large  well  develoi)ed  mouth  i)arts.  ddie  segments  ot  the 
body  are  spiny.  I’osteriorly  there  are  two  pairs  ol  black  caudal 
bristles,  one  pair  as  long  as  the  body. 

Pupa.  The  thorax  is  ridged,  d'he  larval  skin  is  found  adherent 
to  the  last  abdominal  semnent. 


Flip  19. — Wing  of  Phlt-hulnmus 
(Psyi-hodidae). 
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IMILKHO'ro.ML'S  I’AI’A'I'ASII  SC'OI’OLI 

'I'his  moth  midjte  is  ;il)out  two  mm.  long.  Its  body  is  densely 
covered  with  long  grayish  hairs,  d’he  second  longitudinal  vein  has 
two  distinct  branches  (hdg.  ig).  d'he  antennae  have  i6  constricted 
joints,  the  third  joint  the  longest,  d'he  ])roboscis  is  as  long  as  the 
head,  d'he  palpi  have  live  segments  of  wdiich  the  last  segment  is 
the  longest.  It  is  a carrier  of  Pappataci  fever. 

Other  members  of  the  genus  will  carry  Pappataci  fever  i.e. 
Phlcbotomus  miuuliis  and  P.  pcrniciosus.  A general  description  of 
one  will  apply  to  all  but  there  are  certain  specific  differences  in  the 
wing  venation,  lengths  of  })alpi,  etc.  According  to  Franc  the  forms 
found  in  .America  differ  rather  markedly  from  the  Old  World  forms. 
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SUBORDER  ORTHORRHAPHA 

SECTION  BRACHYCERA  HOMODACTYLA 

rheso  t1ies  because  of  their  l)l()0(l-suckin<i:  habits  are  either  actual 
or  potential  carriers  of  disease  amonj^  man  and  the  lower  animals. 

( )f  the  families  mentioned  in  the  key,  I'abanidae  is  by  lar  the  most 
important  as  to  it  belong  many  blood-sucking  Hies  \’ariously  called 
horse  dies,  gad  dies,  deer  dies,  breeze  dies,  mangrove  dies,  green  head 
dies  etc.,  which  have  a wide  distribution.  Many  of  them  are  vicious 
biters  and  a source  of  great  annoyance  to  man  and  animals,  but, 
up  t(.)  the  present,  only  a few  of  them  are  known  to  be  actual  vectors 
of  disease.  'I'he  males  do  not  bite;  they  subsist  on  the  juices  of  fruits 
and  dowers. 

Family  Tabanidae 

Adult.  Anatomy.  (Figs.  20  and  21).  In  general  the  adult 
Tabanidae  may  be  described  as  having  a head  as  wide  or  wider 
than  the  thorax,  convex  in  front,  with  very  large  brilliantly 
colored  eyes  which  almost  meet  in  the  male  (holoptic)  but  are 
much  wider  a])art  in  the  female  (dichoptic).  The  eyes  may  be 
bare  (glabrous)  or  hairy  (pilose).  The  antennae  are  three  seg- 
mented, the  third  or  last  joint  having  from  four  to  eight  annuli 
or  rings.  To  definitely  observe  this  point  in  a given  s])ecies  it  may 
be  necessary  to  clear  and  mount  the  antenna.  I'here  is  no 
arista.  The  proboscis  varies  in  length  in  the  different  genera.  It 
may  be  very  long  or  short.  It  is  comprised  of  a labriim-e  pi  pharynx 
and  a hypo  pharynx,  which  when  apposed  form  the  blood  channel. 
There  are  also  two  maxillae  with  their  lico-segmcnted  palpi,  and 
two  mandibles . 'The  maxillae  which  are  serrate  and  the  mandibles 
which  are  blade  like,  serve  as  the  wea])ons  to  make  and  enlarge 
the  gash  in  the  skin  from  which  the  blood  is  mucked.  These 
organs  lie  in  the  groove  ol  a thick  labium  which  terminates  in 
labellac  containing  a pscndotracheal  membrane  similar  to  that  found 
in  the  nonbiting,  sucking  .Muscoidean  Ihd's.  The  mouth  jiarts  are 
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not  inserted  as  (lee])ly  into  the  intej^ument  as  are  those  of  the  mos- 
([uito  hut  the  blood  is  drawn  by  means  of  the  gashes  or  incisions  made 


Fig.  20.— Head  of  Tabanus  (T.  striatits),  front  view,  to  show  anatomical  parts. 


in  the  skin.  In  some  sjieeies  ol  r;d)anidae  there 
or  lirown  areas  between  the  eyes  known  as  calli. 


are  shiny  redtlish 
The  ( Figs. 
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’j  anil  2i,)  ili\i'rtj;(.‘  al  the  lips;  they  may  l>i“  nioillcd  and  lluy  liavi- 
five  posterior  eells.  an  idon^ati'  luisol  eell  and  a larj^n  diseol  eell.  I he 
tliird  lonydlndinal  \'rin  is  hilurratis  ddir  aro  laryn'  and  slronj^f. 


Sluhco-J.O  Cell 


The  bi)dv  is  not  higlily  colored  hul  brown,  whitish  or  yellowish  with 
jierhaps  markings  on  the  abdomen.  The  thorax  and  abdomen  con- 
tain hairs  but  no  bristles.  The  emiaxlium  is  pulvilliform  (log.  24). 


Fli;.  2.5.  — tViiiK  Chrysdps  ((’.  discdl is) . 


The  Alimentary  Canal,  d'he  oesop/io^iis  is  short.  It  begins  at 
the  pharynx  in  the  head  and  runs  through  the  brain  and  the  neck  to 
enter  the  thorax  where  it  braiii  hes.  One  branch  enters  the  midgut 
through  the  ])roventrii'ulus.  'The  other  branch  traverses  the  thorax 
to  enter  the  crop.  The  erop  is  a thin  walled  bilobed  sac  analagous 
to  the  oesophageal  di\'erticula  of  other  Oiplera,  but  a])parentl\'  not 
the  same  in  function  as  it  is  not  cic-ar  that  it  acts  as  a food  resi-r\'oir. 
1 he  proveiilrieidiis  is  a long  llattened  tube'  traversing  the  thorax.  At 
its  anterior  imd  it  is  broadened  but  ])osteriorly  becomes  narrow  and 
nn-rges  into  the  beginning  of  the  mid  gut.  The  mid^ul  or  sloiiioeli  is 


Spurs  Puuilliform  empodium. 
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dilated  with  its  narrowest  end  anteriorly. 
It  is  located  within  the  abdomen.  The 
hindgul  is  divisible  into  two  parts  an  uj)j)er 
part,  the  ilciim,  narrow  and  convoluted,  and 
a lower  part,  the  colon,  wider  and  strai^^ht. 
It  terminates  in  a {)ear  shaped  rccliim  in  the 
walls  of  which  are  six  rectal  glands  or  paihllae. 
'I'he  Malpighian  tubules,  four  in  number, 
empty  into  the  intestines  at  the  junction 
.of  the  mid  and  hind  gut.  They  lie  coiled 
and  twisted  within  the  abdomen. 

I'he  salivary  glands  are  long  and  tubular, 
lying  in  the  lower  part  of  the  thorax  on 
each  side  of  the  proventriculus  and  extend- 
ing into  the  abdomen  where  their  ends  are 
somewhat  dilated.  The  Tabanidae,  like  the 
f Muscidae  with  a pseudotracheal  membrane, 
S'  have  labial  salivary  glands  located  in  the 
^ ])roboscis. 

^ Egg.  -The  eggs  of  this  family  are  spindle 
g shaped  and  are  laid  in  large  masses,  raft  or 
® flask  shaped,  on  the  leaves  and  stems  of 
4 water  plants  or  plants  growing  in  marshy 
ground  or  in  stagnant  or  moving  water.  In 
” some  species  the  eggs  are  deposited  on 
rocks  above  the  water  level  of  streams. 
'I'he  newly  hatched  larvae  drop  into  the 
water  and  immediately  bury  into  the 
mud. 

Larva.  -The  larvae  are  aciuatic  or  semi- 
acjuatic  breathing  by  means  of  a caudal 
si})hon.  They  are  spindle  shaped  and  have 
protuberances  on  the  segments  ventrally  or 
encircling  them.  'I'hey  live  in  the  wet  mud, 
feed  on  small  animal  organisms  and  also 
destroy  each  other.  When  ready  to  pupate 
they  tunnel  into  the  earth  above  the  water 
level  and  are  found  some  distance  away  from 
the  water  just  below  the  surtace  ot  the 
ground. 
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Pupa.  1 hi'  pupar  arr  Iri'c  and  |)i‘()\i(lr(l  with  rin,u;s  ol  spines 
])roioitine  backward. 

Method  of  Control.  Kerosene  spread  on  the  surlaee  ol  bodies 
of  water  Ireiiuented  bv  this  llv,  is  >aid  to  l)e  ellieaeious  in  redueine 
t heir  numbers. 


(■l..\SSI  I 1(  X'l'iox 

rhe  I-'amilv  'I'abanidae  is  di\ided  into  two  subfamilii's  'I'abaninae 
and  Taneoninae.  the  latter  ha\  ine  spurs  on  llie  hind  tibiae  ( Fie.  24) 
and  usuallv  ocelli.  The  Subfamily  I’aneoninae  is  imi)ortanl  because 
it  contains  the  (lenus  ( 7/ry.se/>.v  Meieen,  members  ol  which  are  known 
to  transmit  Loa  loa  and  tuleraemia  or  deer  tly  lever,  d'he  lormer  is 
carried  by  C/iry.sops  dimidiata  and  Chrysops  silacca,  West  African 
species,  the  latter  may  be  transmitted  by  Chrysops  discalis  in  the 
United  States. 

Key  to  Some  of  the  Genera  in  the  Family  Tabanidae 

1.  Hind  libiae  without  spurs  at  the  tij);  ocelli  aliseiit. 

■Subfamily  Tiilhuiiiiac 2 

Hind  tibiae  armed  with  spurs  at  the  tij);  ocelli  usually  present. 

Suljfamil}'  Pangoninac 6 

2.  Thora.x  and  atxlomen  with  irredcscent  tomentum Lcpidosdaga 

Thorax  and  abdomen  without  irredescent  tomentum 3 

p I'hird  segment  of  antenna  with  well  develoiied  l)asal  jirocess;  wings  hyaline 

or  clouded Tahnmis 

I'hird  segment  of  antenna  without  basal  proce.ss  or  the  process  rudimentary  .4 

4.  .\ntenna  extremely  slender  first  joint  elongate // i ppocnih'uin 

.Antenna  not  especially  slender  nor  first  joint  es[)eciaily  elongate 5 

5.  Front  of  female  as  broad  as  long;  callus  transverse Ilacnialopota 

Front  of  female  narrow PiacldorKs 

6.  Third  segment  of  antetina  with  five  annuli  the  first  of  which  is  much  longer 

than  any  of  the  following;  jiroboscis  short 7 

Third  segment  of  antenna  with  seven  or  eight  annuli,  the  first  of  which  is  but 
little  longer  than  the  following  ones;  jiroboscis  long  or  short S 

7.  .\utenna  longer  than  the  head;  second  segment  as  long  as  or  but  little 

shorter  than  the  first;  wings  banded  (I’age  58) Chrysops 

.\ntenna  shorter  than  the  head;  second  segment  about  half  as  long  as 
the  first Si/viiis 

8.  Proboscis  long  often  projected  hori/,ontall\’ o 

Proboscis  short,  directed  downwards;  front  of  female  broad,  callus  large.  10 

9.  Proboscis  little  longer  than  the  head;  paljii  large  and  thick CaJiara 

Proboscis  usuallv  much  longer  than  head,  often  longer  than  the  body; 

trout  of  female  narrow Jhnigoiu'u 
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10.  L'pi)rr  corner  of  eye  in  female  lerminafiiif^  in  an  acute  anjile;  win^s  dark- 


ened 1 )asa  1 1 y (ton  laps 

Kyc  of  female  not  acutely  angulated  above;  wings  hyaline patoltsies 


Genus  Chrysops 

'I'his  genus  may  be  distinguished  from  other  members  of  the  sub- 
family Pangoninae  liy  the  relatively  short  proboscis  and  the  long 
antennae,  longer  than  the  head.  There  are  three  ocelli  (simple  eyes) 
in  addition  to  the  two  compound  eyes  which  are  golden  green  and 
marked  with  ])urj)lish  sjiots.  The  beautiful  coloration  can  only  be 
observed  in  fresh  specimens.  The  wings  show  a conspicuous  dark 
band  and  are  kept  half  open  when  at  rest. 

The  eggs  of  Chrysops  are  deposited  upright  in  a single  layer,  on 
leaves  and  stems  of  plants  above  or  near  water,  or  on  exposed  rocks 
in  streams. 

The  larvae  and  pupae  resemble  those  of  Tabanus  except  that  in 
the  larvae  the  last  antennal  segment  is  longer  than  the  segment 
which  immediately  preceeds  it,  while  in  the  pupae  the  antennae 
project  beyond  the  head. 


CHRYSOPS  DISCALIS  (Williston)  (FIG.  25) 

This  is  an  American  species  which  has  been  implicated  in  the 
spread  of  tularaemia  in  Utah.  (Chap.  XXXI.)  Ihe  tly  has  been 


Flu.  25— Chrysops  discolis.  ( I-’rom  Stilfs  “Practical  BacieriohjKV.  Hlood  Work  and 

Animal  Parasitology  " 711-  Etl'tion.) 

reported  from  Utah,  Idaho.  Montana,  Wyoming  and  C'olorado.  It 
is  rtither  large,  10  to  1 1 mm.  long,  with  a jtrominent  hytiline  space  in 
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the  (liscal  iA‘11.  (Fi”:.  2,^)  In  the  I'einale  there  ari‘  xarious  >ize(l 
hyaline  spots  in  all  of  the  wiiyL;:  rflls  exei-pt  the  eostiil.  marynnal  and 
fourth  [)osli'rior.  I'he  axillary  cell  is  almost  entirely  hyaline.  '1  he 
ventral  .-'Urfaei'  of  the  abdomen  is  yray  with  ihrca'  rows  ol  black  si)ots. 
'J'he  male  is  mueh  darker  than  tin-  fcmiahs 


( IIRVSOI'S  FrL\'.\S'I'i;R  (Osten  .Sa(  ken) 

'I'his  is  another  American  sj^eeies  abundant  over  a number  of 
Western  states.  It  may  be  distinguished  readily  from  C.  discalis 
bv  the  enlartie(l  first  antennal  segment.  'Fhe  female  but  not  the 
male  may  ha\e  a hyaline  spot  in  the  discal  cell  as  in  C.  discalis. 

Family  Leptidae 

.\  few  members  of  this  family  have  been  reported  as  biting  man, 
one.  Symplioroinyia  grisca  Meigen.  in  Italy,  and  another,  Syiiiplioro- 
aiyia  liirta  Johnson,  in  C'olorado.  d'he  latter  is  said  to  intlict  painlul 
bites  throughout  the  day  in  sunn}'  weather. 


SECTION  BRACHYCERA  HETERODACTYLA 


'I'he  tribe  is  not  of  great  importance  from  the  standpoint  of 
preventive  medicine  as  few  of  its  members  bite  man  nor  are 
their  usual  habits  such  that  they  would  become 
a menace. 


One  of  the  Idioridae.  Pliora  Jcmorala  is  found 
in  houses  occasionally.  Another,  .1  pliiochacla  ferru- 
ginca  of  India,  West  Indies  and  Central  .\merica,  ■'/’""■/u/r/u  (Phori 

dael.  (From  Stitt’s 

has  been  reported  as  a cause  of  intestinal  and 
cutaneous  myiasis.  One  of  the  Scenoponidae,  Acn/e- 
pinus  Jcncslralis  or  “window  lly”  is  a household  tly 
which  is  not  a anenace  to  health. 

Members  of  the  family  Asilidae  have  been  called  “robber  llies 
because  they  prey  on  adult  insects  frequently  other  llies. 


Fig.  26. — Wing  of 
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SUBORDER  CYCLORRHAPHA 

SECTION  ASCHIZA 

Description,  'rhis  section  is  of  little  practical  importance  in 
preventive  medicine.  In  the  Aschiza  a lunula  may  be  seen  but  the 
ptilinal  suture  is  absent;  the  third  segment  of  the  antennae  is  simple 
and  has  an  arista  which  is  either  terminal  or  dorsal;  the  third  vein 
is  never  forked;  there  are  never  more  than  three  complete  ])osterior 
cells  and  the  emi)odium  is  never  pulvilliform. 


Family  Syrphidae 

Larvae  of  Erislalis  Icnax  (Drone  fly)  (Fig.  27)  a member  of  the 
family  Syrphidae,  have  been  reported  as  causing  intestinal  myiasis. 

in  some  instances  with  severe  symptoms. 
The  larvae  of  this  fly  are  known  as  ‘ rat 
tailed”  larvae  because  of  their  long  breath- 
ing tube.  Eggs  are  laid  in  licpiid  manure 
or  in  hlthy  liquids  in  chambers,  privies, 

tail  larva  of  Eristaiis  (S't-  highly  polluted  (Utcli  Water  and  the  like, 
phidae).  (From  s t i t t’.s  fauiilv  Svrpliidae  is  characterized  by 

"Practical  Bacteriology.  ' . • • i , 

Blood  Work  and  Animal  the  jircseiice  ot  a sjiurious  \ eiii  Simulating  a 

Parasitology”  -th.  Edition.)  yeiit  and  caused  by  a thicken- 

ing of  the  membrane  of  the  wing  between  the  third  and  tourth 
longitudinal  veins.  The  antennal  grooves  are  absent. 

SECTION  SCHIZOPHORA 

I'he  section  Schizo])hora  is  ol  great  importance  in  pre\ entice 
medicine  because  it  contains  a number  of  Hies,  ol  which,  some  bite, 
some  like  the  house  lly  carry  disease  mechanically,  while  the  larvae 
of  some  may  cause  myiasis  in  one  or  another  of  its  lorms.  ^ 

Description.  In  the  Schizo])hora  the  lunula  is  distinct  and  the 
frontal  suture  is  present;  the  antennae  are  three  jointed  and  simple; 
the  arista  may  be  iilumose.  pectinate  or  bare  and  is  placed  dorsally; 

()0 
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nono  t'f  llu'  longitudinal  \a‘ins  is  forki-d  and  lluTi'  an-  not  more  than 
thri‘0  posti'i'iiir  rcdls. 

riu'  ('iroup  is  (li\i(k‘d  into  two  irihos,  Acalyi)tratae  and  ('alyp- 
tratai'.  In  the  foniHT  tln‘  s(|namac‘ am  small  at  times  rudimentary ; 
the  thorax  has  no  eomplihe  trans\a‘rsc‘  suture  and  the  subcostal 
vein  is  oftim  small  or  vestigial. 


Muscoidea  Acalyptratae 

The  familv  Se])sidae  iiuludes  the  cheese  lly.  Piop/iila  casri 
Linnaeus,  which  may  cause'  intestinal  myiasis,  and  the  dung  lly 
Sepsis  violaeea.  which  may  be  tound  in  houses. 

M ieroiiciiriii))!  liniiroUi  de  Meijere  ol  the  family  Oscinidae  is  a • 
small  tlv  of  Java  and  C'eylon  which  hovers  in  front  of  the  eyes  and 
is  suspected  of  carrying  the  Koch-W'eeks  bacillus.  Several  species 
of  Ilippelates  found  in  the  Southern  Lhiited  States  dart  at  eyes  and 
other  parts  of  the  body  in  search  of  persjeiration. 


OMO 


The  Family  Drosophilidae  contains  the  Pomace  flies,  which  breed 
largely  in  decaying  fruit.  Drosophila  mclanogastcr  ( — am pelo phila) 
is  common.  It  may  be  attracted  by  excrement  and  therefore  might 
carry  certain  diseases  of  the  intestinal  tyi)e.  Fggs  are  dei)osited  on 
overri])e  fruit  in  whic  h the  larvae  de\'elope.  'Idle  lar\’a  is  very  small 
and  has  j)rojecting  from  the  tail  end  two  small  fleshy  j)rocesses 
carrying  the  stigmal  ])lates.  Xo  doubt  these  larx’ae  are  fre([uentlv 
taken  into  the  alimentary  canal  of  man. 

d'he  Family  Horboridae  contains  a small  fly  (Porhonis  cquinus) 
which  may  enter  houses.  It  breeds  in  dung  and  other  refuse. 
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SUBORDER  CYCLORRHAPHA  (CONT’Dj 

MUSCOIDEA  CALYPTRATAE 


In  the  Calyjnratac  the  squamae  are  well  developed;  the  thorax 
has  a complete  transverse  suture  and  the  auxiliary  vein  is  normal. 
These  arc  collectively  known  as  the  IMusca'idean  Hies  included  among 
which  are  such  imi^ortant  Families  as  M itsciduc,  Scit'co pliogidae  and 
CalUphoridac.  It  is  therefore  advisable  before  going  further  to 
give  some  attention  to  their  anatomy. 

Adult  Anatomy.  The  Head.  (Fig.  29) .-For  the  purpose 
of  more  easily  locating  and  describing  the  various  parts  and  bristles 
of  the  head  it  is  convenient  to  regard  it  as  having  a superior  and 
inferior  region,  two  lateral  regions  and  an  anterior  and  j^osterior 


region. 

The  superior  region,  the  highest  part  of  the  head,  is  known  as 
the  vo'lcx.  Here  are  located  the  simple  eyes  or  ocelli,  usuallv  three 
in  number.  They  are  placed  in  a detmite  triangular  si')ace  the 
ocellar  triangle  or  plate.  'The  bristles  arising  from  this  plate  are 
called  the  ocellar  hrisllcs  of  which  there  are  two  groups  the  greater 
anti  lesser  occllars.  1 he  former  are  a pair  of  biistles  aiising  just 
back  of  the  most  anterior  ocellus.  They  diverge  and  point  forward. 
The  latter  consist  of  a varying  number  of  pairs  of  bristles  extending 
backward  from  the  insertion  of  the  greater  ocellars.  The  last  pair 


are  sometimes  called  the  post  vertical  bristles. 

.\t  the  vertex  of  the  head  between  the  ocellar  triangle  anil  the 
eye  more  or  less  behind  its  inner  and  upper  corner  are  four  bristles, 
two  on  each  side.  The  inner  pair  are  known  as  the  inner  vertical 
bristles.  These  are  usually  the  larger  of  the  two  pairs  and  are 
erect  or  convergent.  'The  outer  pair,  those  nearest  the  eye,  are  the 

outer  verticals  and  are  erect  or  divergent. 

'The  anterior  region  of  the  head  has  been  divided  into  two  parts 
an  upper  and  a lower.  'I'he  iqiper  part  is  known  as  the  Jront  or 
irons  and  is  that  area  lying  between  the  eyes  and  limited  above  l)> 
the  ocellar  triangle  and  below  by  the  arch  of  the  iitilinal  Miture. 
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I'hi'  rest  of  the'  anterior  ri't^ion  I'xti'iidin.it  downward  Iroin  the  Iront 
to  tlu'  I'heeks  laterally  and  to  tiu'  lower  inarydn  ol  the  head  in  the 
middle  line,  is  t he  hicc. 

rill'  area  oeeujiviiyu;  the  middle  of  the  front  betwei'ii  the  ocellar 
triaiiitle  and  the  arch  of  the  ptilinal  suture  is  known  as  {hv  Jroiildlid. 


ocelli 


outer  ocel/ars 


Fk;.  29. — Head,  front  view,  of  a Museoid  tty  to  sIkjw  anatomical  parl.s.  (Seniidia- 

Krtiinmatie.j 


( )n  either  side  of  the  frontalia  i.e.  between  it  ;ind  the  compound  eyes 
;ire  the  pdrdjrontdls  or  gcuovcrlicdl  philcs  which  extend  upward 
o\'er  the  vertex  to  the  e])icephalon  ol  the  i>osterior  retfion,  and  extend 
downward  to  a level  somewhat  below  the  roots  ot  the  antennae  to 
become  continuous  with  the  ])arafacial  areas.  A row  of  bristles 
extendintf  downward  on  either  side  of  the  front;di;i  ;ire  known  as  the 
froiiliil  bristles  or  froiild/s.  (tutsidi'  of  the  frontal  row,  that  is 
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l)ct\vet‘n  the  frontiils  and  the  eye  and  anterior  to  the  vertical  bristles, 
may  be  seen  one  or  more  l)ristles  which  are  termed  ih.ii  j ronlo-orhilals . 

( )ther  l)ristles  lower  down  and  not  (luite  in  line  with  the  fronto-orbitals 
are  called  the  loiccr  Jrouto-orhilals. 

The  ptilinal  suture  has  been  mentioned  several  times  and  as 
it  is  a very  im])ortant  and  characteristic  feature  of  the  Muscoid 
dies  it  would  be  well  to  study  it  before  going  on  to  a description  of 
the  face.  This  suture  arches  over  the  base  of  the  antennae  extending 
downward  on  each  side  at  times  almost  to  the  lower  border  of  the 
head.  It  has  the  sha])e  of  an  inverted  U.  It  is  sometimes  called 
the  frontal  suture  or  frontal  fissure,  and  it  is  the  scar  resulting  from 
the  closure  of  the  fissure  through  which  the  ptilinal  sac  was  thrust 
to  force  the  ca])  off  of  the  inijial  case  and  thus  permit  the  fully  devel- 
oped fly  to  emerge. 

The  ptilinal  suture  marks  off  an  area  in  the  middle  of  the  face 
which  is  known  as  the  ptilinal  area.  In  this  area  lie  the  three-jointed 
antennae  in  the  antennal  grooves  or  foveae.  They  are  separaterl  from 
the  lateral  arms  of  the  jitilinal  suture  by  iht  facialia,  distinct  ridges 
which  extend  downward  on  cither  side  to  the  lower  margin  of  the  head, 
d'he  lower  end  is  prominent  and  is  called  the  vibrissal  angle.  The 
angle  of  each  side  has  arising  from  it  a prominent  bristle— ///c  vibrissa. 
Running  along  the  facialia  above  the  vibrissae  are  iho  facial  bristles. 
d'he  lower  median  portion  of  the  ptilinal  area  is  the  clypeus  or  facial 
plate,  'fhis  may  extend  upward  as  a ridge  between  the  antennae. 
Such  a ridge  is  known  as  ihc  facial  carina.  The  clypeus  is  limited 
below  by  the  anterior  border  of  the  ejiistoma  which  surrounds  the 
epistomal  orifice  located  in  the  inferior  region  of  the  head.  It  is 
through  this  orifice  that  the  mouth  parts  are  ])rojected. 

Just  above  the  roots  of  the  antennae  and  bounded  above  by  the 
arch  of  the  jitilinal  suture  is  a small  oval  or  crecentic  depression, 
the  frontal  lunule  or  lunula  and  between  the  roots  of  the  antennae 
is  a small  plate  known  as  the  antennal  plate. 

d'he  area  on  the  face  between  the  lateral  arms  ol  the  ptilinal 
suture  and  the  eye  is  the  parafaeial  area  or  gena  as  it  is  also  called. 
It  is  limited  below  by  the  transverse  impression  and  above  becomes 
continuous  with  the  parafrontal  area.  Bristles  arising  from  it  are 
called  {he  faeio-orbital  bristles. 

The  transverse  impression  is  a more  or  less  distinct  dejiression 
which  begins  at  the  ventral  arm  of  the  ptilinal  suture,  runs  across 
the  face  and  along  the  lower  margin  of  the  eye  to  its  posterior  or  occijii- 
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lal  l)iM-(K‘r.  Tlu'  check  is  thal  area  Ix'twcH'n  llu'  Iowam'  holder  ol  the 
e\A‘  and  the  oral  inar,u:in.  It  is  limited  hy  tlu'  oeeiput  hi'hind  and  in 
front  mcrues  into  the  laee.  Hairs  arising  from  it  and  Irom  the  lower 
hordi-r  of  the  oei  i])ut  eomjirlsc'  tin.'  heard . d'lu‘  term  hiieea  is  not  ({uite 
synonymous  with  cheek  lor  the  biuea  is  an  area  below  the  transverse 
impression,  under  the  eye,  extending  downward  to  the  e])istomal 
orifice  and  backward  to  the  jtreat  foranum. 

The  ]X)sterior  region  of  the  head,  the  oeeipid.  contains  the  oeeipilal 
or  ^rcal  central  foramen  into  which  is  inserted  the  neck.  'The  area 
above  the  foramen  which  is  formed  of  a ridgedike  sclerite  seemingly 
a continuation  of  the  parafrontals,  is  called  the  epieephalon  or  para- 
fronlal-occi pital  ridge.  The  area  below  the  foramen  is  the  metacepha- 
lo)i  which  is  outlined  by  a distinct  suture  extending  from  the  foramen 
outward  and  downward  on  either  side.  Laterally  the  area  is  known 
as  the  paraccphalon  or  paracephalie  plates.  A jrair  of  bristles  placed 
high  up  and  back  of  the  verticals  are  known  as  the  occi pito-centrals 
while  the  small  bristles  in  a row  along  the  occijiital  border  of  the  eye 
are  called  the  cilia  of  the  posterior  orbit,  thcorhit  being  the  narrow  space 
immediately  contiguous  to  the  eyes. 

The  lateral  portion  of  the  head  is  occupied  by  the  eyes  and  cheeks. 

The  Proboscis.-  The  mouth  jxirts  are  adapted  to  biting  and 
sucking  or  to  suction  only.  In  the  latter  case  the  proboscis  of  the 
house  fly  may  be  taken  as  the  type.  (Fig.  30.)  In  those  Muscoids 
which  suck  imly  and  which  are  of  importance  in  Preventive  Medicine 
— the  nonbiting  Muscidae,  theSarcophagidae,  the  Calliphoridae  etc. — 
the  j-iroboscis  is  built  on  the  same  general  ])rinciples  only  differing 
in  the  details  of  construction. 

'Idle  proboscis  is  divided  into  a proximal  i)art,  ihv  rostrn in ; a middle 
part,  the  hanstellnm ; and  a distal  part  the  labellae. 

The  Rostrum.  'Fhe  rostrum  contains  the  buccal  cavity  and  the 
aspiratory  ])harvnx  together  with  the  muscles  which  operate  it.  and 
is  that  part  of  the  sucking  api)aratus  which  in  insects  like  mosciuitoes, 
horse  flies,  fleas  etc.  is  jiermanently  located  within  the  head  cavity. 
In  the  house  fly  however  it  is  capable  of  being  extruded  from  and 
drawn  back  into  the  head  at  will.  'I'he  overlying  integument  is 
attached  above  to  the  margins  of  the  epistomal  orifice  and  is  continu- 
ous below  with  the  integument  covering  the  haustellum.  In  the 
accomjianying  ligures  to  illustrate  the  mouth  parts,  the  softer  tissues, 
muscles,  integument  and  the  like,  have  been  dissolved  out  with 
caustic  leaving  only  the  chitinous  structures. 
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'I'hc  most  prominent  structure  in  the  rostrum  is  the  fulcrum 
which  in  shai)e  has  l)een  likened  to  a S])anish  stirrup  iron.  It  serves 
as  a ])rotection  and  <j;ives  attachment  to  the  muscles  which  operate 
the  asi)iratorv  ])harynx.  The  fulcrum  forms  the  posterior  wall  of 
the  aspiralory  pharynx  which  runs  alonjf  its  entire  length.  'I'he 
anterior  wall  of  the  ])harynx  is  composed  of  a thin  chitinous  plate 
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Fk;.  30. — Proboscis  of  Musca  domeslica. 

thickened  down  its  centre  to  give  better  insertion  to  the  muscles 
which  operate  it.  d'he  asinratory  i^harynx  begins  below  at  the  buccal 
cavitv  and  ends  above  in  the  oesophagus. 

1'he  anterior  wall  of  the  buccal  cavity  and  the  distal  extremity  of 
the  epipharyn.x  are  connected  by  a short  membiane.  A similai 
membraneous  connection  e.xists  between  the  posterioi  wall  of  the 
buccal  cavity  and  the  hy])0])harynx.  I he  buccal  cavity  is  therefore 
in  direct  connection  with  the  lood  canal  in  the  haustellum.  I he 
sini^lc  jouilcd  palpi  are  not  attached  to  the  fulcrum  but  aiisc  liom 
the  integument. 
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The  Haustellum.  Tlu'  hauslt'lhini  l)c^iiis  Ix-low  tlu'  hmral 
ia\ity.  It  is  the  havisli'lluiii  which  is  lolded  U])  under  the  head  and 
entirely  or  partially  coneeaU'd  when  the  rostrum  is  drawn  into  tlu' 
head,  d he  haustellum  is  analou;ous  to  the  lleshy  labium  ol  the 
mos(|uitoes  and  horse  Ilies.  Its  posterior  wall  is  comj)ose(l  ol  a 
])late  of  chitin,  broad  and  slitthtly  convc'x  in  its  posterior  aspect. 
This  is  the'  mculum.  Anteriorly  there  is  a Ion, it  much  narrowcu' 
chitinous  ])late,  con\'ex  in  its  i)osterior  aspia  t forminjt  a ymtter  the 
hihial  gullcr  in  which  rest  the  labrum-e|)ipharynx  and  the  hypo- 
])harvnx.  The  mentum  and  labial  .nutter  are  conneited  by  mem- 
branous tissue  and  between  them  are  the  soft  parts,  muscles,  labial 
>alivarv  .nland  etc.  'I'he  nutter  is  thickened  at  i-ach  edne  forminn 
the  lateral  rods,  which  articulate  distally  with  the  discal  sclerite. 
The  lahruiii  and  e pi pharyn.x  are  closely  attached  to  each  other  and 
freely  movable  and  when  apposed  to  the  hypopharyii.r  which  lies 
beneath  them,  form  a channel  throu.nh  which  the  Iluid  food  passes 
when  sucked  up  by  the  action  of  the  as])iratory  pharynx.  The 
hypopharynx  is  not  freely  movable  but  is  attached  to  the  labial 
nutter  throunhout  most  of  its  lennth.  It  is  channeled  to  carry  the 
salivary  juice. 

( )n  each  side  of  the  proximal  end  of  the  labrum-epipharynx  there 
is  articulated  a chitinous  rod  apodeine  - which  ])asses  upward  into 
the  rostrum  outside  of  the  fulcrum,  'bhe  apodemes  serve  for  the 
attachment  of  muscles  which  are  concerned  with  the  movements  of 
the  haustellum  and  more  i^articularly  the  labrum-ei^ipharynx. 

The  Labellae.  The  labellae  benin  at  the  discal  sclerite.  This 
i->  a somewhat  \'-shai)ed  slender  ])iece  of  ch'tin  articulatinn  about  the 
centre  of  each  of  its  arms  with  the  lateral  rods  of  the  labial  nLitter 
at  their  distal  extremities.  It  surrounds  the  mouth  or  stoma  into 
which  empty  the  larne  ducts  which  collect  the  iluid  food  from  the 
>maller  channels  in  the  psciidotraeheal  membrane, — the  most  con- 
■'picuous  structure  in  the  labellae.  Surroundinn  the  mouth  and 
arisinn  from  the  discal  sclerite  ari‘  a number  of  very  small  weak  teeth 
known  as  the  prcstomal  teeth.  These  are  not  sufficiently  stout  to 
abrade  the  skin  but  in  the  biting  Muscidae  are  yu’eatly  modified  so 
that  they  are  adajited  to  cullinji;  as  will  be  seen  later  on.  The 
labellae  are  articulated  to  the  haustellum  through  the  discal  sclerite 
above  and  another  sclerite.  the  /T/'cu.  below.  'These  two  articulations 
permit  ol  the  free  movement  of  the  labellae. 


i.vsiars  AXi)  1)is1';ask  ok  man 


6<S 


'I'his  siukiii,!!;  proboscis  has  l)ccii  evolved  from  the  ])rol)oscis 
of  the  liiting  Muscoidean  dies.  l''ollo\vin<t  the  evolution  backwards 
one  should  next  study  the  ])roboscis  of  Philacmalomyia,  a itenus 
not  found  in  the  Tnited  States,  (big.  31.)  In  this  (ienus  the 
similarity  of  ])arts  as  com|)ared  to  the  proboscis  of  the  house  lly  can 
l)e  readilv  seen  but  there  is  a marked  change  in  size,  sha[)e  and  density 
which  adds  rigidity  and  increases  strength,  for  at  least  one  member 
of  this  Cienus  can  actually  scarify  the  skin  and  draw  blood. 

As  in  Musca  the  rostrum  can  be  drawn  into  the  head  and  the 
haustellum  folded  up  beneath  but  the  latter  has  become  narrower 


and  more  prominent  posteriorly  because  of  the  greater  convexity  and 
deepening  of  the  inentum.  dhe  labial  gutter  has  become  narrower 
and  the  labial  rods  thickened  and  strengthened.  I'he  discal  sclerite 
is  markedly  thickened  and  its  articulation  with  the  lateral  rods  much 
tinner.  The  prestomal  teeth  have  been  reduced  in  numbers  to  about 
eight  and  each  is  increased  in  size  and  strength.  Between  them 
may  be  seen  a number  of  very  small  blade-like  ])rocesses.  the  inter- 
dental armature,  d'he  ]>seudotracheal  membrane  is  reduced  as 
compared  to  j\lHscd  but  tunctions  in  the  same  way  collecting  the 
blood  or  serum  which  e.xudes  lollowing  the  scarifying  action  of  the 
prestomal  teeth. 

The  next  example  of  a ]n-oboscis  forming  a true  biting  a})paratus 
may  be  learned  from  a study  of  the  mouth  ]xvrts  of  Slonioxys.  (Fig. 
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Like  Musca  llio  rostrum  tau  Ix'  drawn  into  llu‘  luaid  hut  tlie 
]lau^tl‘llum  lias  Ix-come  t^ri'a t ly  clonyatud  and  liiyldy  (liitinizcd  so 
tliat  it  >ticks  out  ])roniiiu'nt l\'  in  front  of  tliclu-ad  whun  the  proboscis 
i>  at  rest.  khe  lal)t'llae  are  yreatly  reduced  in  sizi-  and  the  pseudo- 
t radical  membrane  has  praitically  disa|i])eared.  A closer  study 
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r'lr,.  32. --Proboscis  of  Stomoxys  calcilrans. 

shows  that  the  menlum  is  narrowed  and  elongated,  tapering  towards 
the  distal  e.xtremity  and  bulging  towards  the  pro.ximal  end.  It  and 
the  labial  gutter  are  closely  connected  by  a narrow  strip  of  membrane. 
I he  hypo])harynx  is  freely  movable,  d'he  discal  sclerite  is  jiower- 
lully  liuilt  forming  a strong  collar  around  the  stoma,  'idle  prestomal 
teeth  are  sharj)  jiointed  cutting  teeth  each  one  having  a secondary 
cutting  point  towards  the  base,  'hhey  are  united  to  each  other  at 
their  bases  where  they  are  attachi'd  to  the  discal  sclerite  and  betwc'en 
them  may  be  seen  the  interdental  armature  made  uj)  of  tiny  leaf-like 
bhides.  in  addition  there  is  a series  of  very  small  rod-like  jirocesses, 
a jiair  l(»r  each  tooth,  which  are  jirobably  sensory  in  function. 
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In  hilinji  the  i)rFston'ial  leelh  an-  I'verted  and  [)artially  rotated 
which  operation  actiipe;  repeatedly  and  with  great  rapidity  bores  a 
way  into  the  skin. 

lv\ce])t  for  the  (ienus  Philacmalomyia  which  has  already  l)een 
mentioned  the  proboscis  of  all  biting  Muscidae  is  constructed  on 
the  same  general  princii)le  but  differs  in  details  in  the  various  Cfenera. 
d'he  i)roboscis  of  tilossina  is  probably  the  most  highly  sj)ecialized 
of  the  entire  group. 


Fi(,,  -Dorsal  view  of  thorax  of  fly  of  the  Miiseul  type  to  show  groupiiiR  of  macro- 
chaetae  (bristles)  (SemiiliaKranimatie). 


The  Thorax.  (Figs.  33  and  34).  It  seems  unnecessary  to  attempt 
a detaiU'd  descri])tion  of  the  thorax  as  a study  of  the  illustrations 
will  prove  much  more  satislactory.  Sullice  it  to  say  that  the  meso- 
ihorax  is  bv  far  the  largest  segment  ot  the  thorax.  Dorsally  it  is 
divided  bv  a transverst'  linear  impression,  (a  depressed  line)  the 
t)'(nisvcrsc  suliirc.  into  an  anterior  and  ])osterior  portion,  the 
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snitiiiii  and  sciiIkdi  respectively.  I’oslerior  to  the  latter  is  the  sriilrh 
lum.  more  or  less  triangular  shaped  and  marked  oil  Irom  the  scutum 
hv  another  transversi'  linear  imprc'ssion. 

The  brisllrs  t)f  the  seutellum  may  he  )tiargi}ui  i.e.  when  they  are 
borne  on  its  edges.  'I'lu'y  may  he  discal  when  they  are  placed  on 
the  surface  of  the  seutellum  away  from  its  margins,  d'hey  may  he 
of>icaI  when  thev  are  located  at  the  ti])  ol  the  seutellum  and  sub- 
apical  if  they  are  just  anterior  to  tlu‘  tij).  When  present,  there  is 
usuallv  not  more  than  a pair  of  either  apieals  or  suhapieals. 


Ontenor (jnd posterior  dorsp-certfra! 
(interior  and  posterior  acrostichal  ■' 


Fi(..  34. — Lateral  view  of  thorax  of  a Miiscoidean  fly  to  show  liristles  and  other  anatom- 
ical i)arts  (Seinidiagraminatie). 


The  Wings.  (Fig.  35).-  A few  words  in  connection  with  the 
illustration  will  siifhce.  Particular  attention  should  he  paid  to  the 
first  posterior  cell  which  lies  between  the  third  and  fourth  longitudinal 
vein;  the  discal  cell  which  is  hounded  by  the  fourth  and  fifth  longi- 
tudinal veins  and  the  posterior  cross  vein,  d'he  locations  of  the 
basal  cells  should  he  noted. 

The:  fourth  loiif^iludinal  vein  should  he  studii-d  with  regard  to  its 
degree  of  angulation  or  bend  and  the  degree  to  which  it  closes  the 
first  iiosterior  cell,  d'he  point  on  the  wing  margin  at  which  the 
costal  vein  ends  should  hi'  noted.  It  will  he  remembered  that  unlike 
the  costa  of  mospuitoes  the  costal  vein  in  the  llies  under  considera- 
tion does  not  extend  all  round  tin-  wing  margin.  'The  presence  or 
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al)S(.'iue  of  llu'  auxiliary  win  sliould  be  noted.  'The  slcm  win  should 
be  studied,  d'he  stem  vein  is  a thick  vein  toward  the  base  ol  the 
wings  which  is  the  basal  section  ol  the  first  longitudinal  vein  and 
se])arated  from  the  rest  ol  the  vein  by  a suture  about  opposite  the 
humeral  cross  veiji.  It  may  carry  a row  of  hairs  when  it  is  said  to 
be  cilialcd.  In  some  dies  a coslal  spine  is  present.  This  is  a stout 
bristle  on  the  costal  \'ein  near  the  end  of  the  auxiliarv  vein. 


/ mm 

Fig.  35. — Wing  of  Lttcilia. 


d'he  squamae  (calypters)  are  a pair,  an  upper  and  a lower,  of 
membraneous  expansions  from  the  root  of  the  wing  extending 
backward  over  the  halteres.  d'he  squamae  may  be  provided  with 
a fringe  of  cilia,  d'wo  scales  at  the  extreme  base  of  the  costa  may  be 
present  in  some  Hies  and  are  known  as  the  epaulet  (tegula)  and 
subepautet  (basicostaj.  d'he  latter  which  is  the  outer  is  easily  seen, 
d'he  former  may  be  so  close  to  the  body  as  to  be  seen  only  with 
difficulty,  d'he  vestiture  and  color  of  these  may  furnish  valuable 
diagnostic  points,  d'he  subcoslal  sclerite  is  a more  or  less  triangular 
structure  on  the  lower  side  of  the  wing  at  its  base. 

The  Abdomen.-  d'he  number  of  segments  that  can  be  recognized 
as  such  externally  varies  considerably-  from  four  or  five  to  seven. 
The  terminal  segments,  have  been  greatly  modified  to  form  structures 
concerned  with  rejiroduction  that  is,  the  clasping  organs  of  the  male 
and,  in  certain  llies,  the  ovipositor  of  the  female,  d'he  clasping 
organs  (I'ig.  48)  have  great  taxonomic  value  as  they  differ  in 
shajie  and  size  in  the  different  species,  d'he  external  genitalia  of 
the  female  can  not  be  used  in  differentiating  species  as  they  do  not 
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pososs  ilislilU'tivc'  rh;ir;u'tt‘rs.  'I'hc  extent  ol  Ihcir  dcvclopnicnt 
(Irpcnds  upon  lh('  hrocdiipii  habits  of  the  insect.  The  house  lly  lor 
instance  has  an  o\'i])ositor  nnule  up  of  the  last  lour  seponents  ot  the 
abdomen  formintj:  a lony  narrow  tube  lar^e  enough  to  admit  the 
passage  of  an  egg.  Wdien  in  use  it  is  thrust  out  of  the  body  and 
directs  the  egg  to  a favorable  location  in  tlie  breeding  material. 
W’ln-n  not  in  use  it  is  drawn  inside  of  the  abdomen,  one  segment 
teleseoi)ing  into  the  other.  In  those  Hies  which  give  birth  to  a living 
larva  the  ovipositor  may  be  very  incons])ieuous  or  may  be  no  more 
than  a mere  slit  at  the  end  of  the  abdomen. 

Bristles  on  the  abdominal  segments  may  be  marginal  or  discal. 

Alimentary  Tract.-  I'he  alimentary  canal  is  longer  than  that  of 
the  mosquitoes  or  Tabanidae  because  of  the  elongation  of  the  niid- 
gnt  or  stomach,  d'here  is  no  dilated  ]H)rtion  as  seen  in  the  Orthor- 
rhapha,  but  the  capacity  and  absorptive  surface  are  maintained  if 
not  increased  by  the  greater  length.  .V  proveniriciiliis  serves  as  a 
x'alve  between  the  fore-gut  and  the  mid-gut.  The  oesophagus  is 
short.  It  passes  through  the  brain  and  the  neck  into  the  thorax 
where  it  is  in  communication  with  the  proventriculus  ventrally. 
Here  the  duct  of  the  crop  begins.  The  crop  is  a large  thin  walled 
sac  which  is  tilled  when  the  fly  is  feeding,  its  contents  being  passed 
on  slowly  to  the  stomach.  It  lies  beneath  the  stomach  and  when 
full  occupies  cpiite  a large  part  of  the  abdomen. 

A curious  structure  is  the  pcritrophic  membrane,  a thin  wailed 
tube  within  the  lumen  of  the  mid-  and  hind-gut,  having  its  origin 
at  the  proventriculus  and  terminating  at  the  anus.  There  is  thus 
an  inner  tube  separating  the  contents  of  the  gut  from  the  epithelium 
lining  the  gut.  It  is  in  contact  with  the  lining  cells  but  is  not 
attached  to  them.  The  Malpighian  tubes  empty  into  the  alimentary 
canal  at  about  the  junction  of  the  mid-  with  the  hind-gut.  These 
are  four  in  number  the  two  on  each  side  emptying  into  the  gut  by  a 
common  fluct.  The  hind  gut  is  not  elongated.  It  empties  into  the 
rectum  which  has  four  rectal  papillae. 

The  salivary  glands  are  found  in  the  thorax  extending  into  the 
abdomen.  They  are  long  and  tul)ular,  sometimes  coiled,  lying  free 
in  the  body  cavity  (the  haematococlej  bathed  in  the  blood  and  at 
I)laces  in  contact  with  the  walls  of  the  gut.  The  ducts  from  the  two 
sides  unite  in  the  head  to  form  a common  duct  which  passes  down  the 
rostrum  outside  of  and  ])osterior  to  the  fulcrum  to  become  continu- 
ous with  the  salivary  canal  in  the  hy])()])harynx.  In  flics  having  a 
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pseudolrac'heal  nicnihraiie,  salivary  <j;lan(ls  are  also  located  in  the 
haustelluni  the  labial  salivary  glands.  I'hev  are  at  its  lower  end 
lyinjf  near  the  anterior  surlace  and  em])ty  on  the  internal  or  oral 
■^urlace  ol  the  lahellae. 

The  Larva.  ( Hg-  36)-  I he  larva  of  the  Muscoidean  Hies  is 
an  active,  voracious,  legless,  wornilike  creature,  without  a distinct 
hea<l  (acephalous).  It  is  usually  tapering,  the  small  end  being  the 
anterior  or  head  end  while  the  |)osterior  end  is  broad.  From  the 
anterior  end  project  two  dark  hook-like  processes,  the  mandibles , 
which  are  sometimes  fused  into  one.  Above  these  are  two  papillae. 
I he  second  segment  from  the  anterior  end  has  on  each  side,  project- 
ing hand  or  fan-like  structures  with  a varying  number  of  terminal 
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Fic.  30. — Larva  of  a Muscoiilvan  fly  to  show  certain  jjarts  used  in  identification. 

divisions  depending  on  the  species.  These  are  the  anterior  spiraeles. 
The  posterior,  e.x])anded  end  of  the  larva  has  on  its  posterior  surface 
two  chitinous  plates  each  with  three  slits  which  vary  in  appearance 
according  to  the  s])ecies  and  are  only  truly  characteristic  in  fully 
matured  larvae.  They  are  the  sligmal  plates.  The  area  carrying 
these  plates  may  be  sunken  to  form  a pit  and  may  or  may  not  be 
surrounded  by  small  Jlesl/y  tuhereles.  There  may  be  a rounded 
protuberance  or  button  at  the  base  of  each  plate.  The  stigmal  plates 
may  also  be  observed  in  the  pupal  stage  on  the  jfosterior  end  of  the 
})upal  case.  The  roughened  areas  to  be  seen  on  each  segment  are 
known  as  the  fusiform  areas.  If  ventrally  situated,  the  ventral 
fusiform  areas;  if  laterally,  the  lateral J nsijorm  areas.  The  roughened 
area  may  e.xtend  completely  arouml  a segment.  The  roughening 
is  due  to  the  i)resence  of  minute  spines  or  booklets.  Some  laiwae 
may  be  provided  with  s])inous  processes  or  lleshy  processes  other 
than  the  tubercles  already  mentioned. 

The  Pupa.  When  fully  grown  the  larva  seeks  a suitable  ])lace  to 
pupate,  usually  loose  soil.  Here  pupation  takes  place  by  a conlrac- 
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tion  and  hardening:  of  thr  larval  skin  prodiu  inj;;  a j)U pdri inii . Sm  h a 
]Hi])a  i>  said  to  bo  coarclale.  Tbo  pupariuni  is  roundcal,  olon,<;aU‘- 
ovoid  in  shajH'  and  \arios  in  color  Ironi  dark  ^ray  or  yellowish  to 
dark  brown.  The  |)U])a  is  (juieseent  and  takes  no  food.  'I  he  adult 
emerges  from  the  ini])al  ease  through  an  opening  made  by  loia  ing 
off  a small  l ireular  eap  in  the  head  (md. 


Family  Oestridae 

'The  Oestridae  are  the  “hot”  or  “warble”  Ih’es.  ddiey  are  \'ery 
hairy  and  the  mouth  jiarts  are  rudimentary,  d'he  antennae  are 
iiiserted  into  round  ])its. 

Larvae  of  these  dies  are  parasitic  and  spend  their  existence  either 
under  the  skin,  in  the  nasal  or  irharyngeal  cavities  or  in  the  alimentary 
canal. 

Idle  following  simple  key  will  serve  to  distinguish  the  more  impor- 
tant genera  of  the  adult  Oestridae 

1.  Fourth  longitudinal  vein  straight  or  curved  towards  hind  margin  of  wing; 

first  posterior  cell  widely  open;  arista  hare Gastropliihis 

Fourth  longitudinal  vein  hends  towards  anterior  margin  of  wing;  first  pos- 
terior cell  closed  or  narrowed 2 

2.  Fourth  longitudinal  vein  joins  the  ,ird.  vein  before  the  termination  of  the 

latter,  entirely  closing  the  ist.  posterior  cell  which  is  [letiolate. 

( )cslnis 

F'irst  ])osterior  cell  more  or  less  narrowed  but  not  closed ^ 


,3.  Arista  bare;  proboscis  rudimentary II ypoderma 

.\rista  haired  on  ujiiier  side;  jiroboscis  well  develo[)ed 4 

4.  d'arsi  slender  not  hairy Ih  rmalohin 

Tarsi  broad,  llattened.  hairy C'litcrchra 


Genus  Hypoderma 

(Warble  Hies) 

II y podenna  hovis  dt*  (leer,  may  be  numlioned  as  an  examjile  of 
dermal  myiasis,  ddie  eggs  of  this  lly  tire  depiisited  on  the  skin  of 
cattle  attached  to  the  hairs.  Hatching  requires  about  a week. 
It  was  thought  that  the  larvae  were  then  licked  off  :ind  swallowed 
thus  reaching  the  oesophagus  where  they  remained  ;i  considerabh' 
time  between  the  mucous  tind  muscular  cotit,  finally  making  their 
way  to  the  subcuttineous  tissue  ol  the  bttek  where  further  growth 
took  iihice  producing  lumps  in  the  skin.  Later  investigators  s;iy 
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lliat  the  laiA'ae  piTlorate  the  skin  iiear  where  the  egf^s  are  laid  and 
then  nii<frate  to  tlie  suheulaneous  tissues  ol  the  back,  and  that  lick- 
ing  l)y  the  animal's  tongue  destroys  more  eggs  than  it  introduces  into 
the  jiiouth.  \\  hen  ready  to  ])U|)ate  the  larva  emerges  through  a 
small  o])ening  which  it  makes  in  the  skin,  and  then  dro])s  to  the  ground 
wliich  it  enters  to  become  a puj)a.  The  pujtal  stage  last  from  three  to 
live  weeks. 

Another  warble  lly  of  cattle  in  the  United  States  is  Ily podcrma 
I'nicata  Vill. 

The  warble  flics  are  of  im})ortance  commercially.  The  presence 
of  the  larvae  not  only  interferes  with  the  nutrition  of  the  animal  but 


Fig.  37. — Stigmal  plates  of  Ilypoderma  buvis. 


causes  the  hide  to  become  of  inferior  quality.  At  times  great  finan- 
cial loss  is  sustained.  Both  species  are  reported  for  man. 

A somewhat  similar  condition  is  occasionally  observed  in  man 
giving  rise  to  what  has  been  called  “creeping  eruption”  because  the 
larva  moves  from  place  to  place  in  the  subcutaneous  tissues.  It  is 
rare  in  the  United  States. 

Other  flies  of  the  Genus  Ciitcrchra  attack  squirrels  and  chipmunks 
(C.  cniascnlator)  and  rabbits  (C.  ciDiiciili). 

Genus  Dermatobia 

The  larva  of  Dermatobia  homiuis,  a fly  of  tropical  and  subtropical 
America,  occassionally  gains  access  to  the  subcutaneous  tissues  of 
man  where  it  grows  producing  an  abscess.  When  lully  grown  .it 
emerges  to  pupate  in  the  ground.  It  is  thought  that  the  eggs  of  this 
fly  are  attached  to  the  ventral  surlace  ot  the  abdomen  of  a mosciuito 
( l’soro])hora)  or  to  other  (lies  or  to  licks  and  that  when  ready  to 
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hatch  tlicv  are  loll  oii  Iho  skin  at  tlu'  silo  ol  Iho  wound  inadi'  hy  the 
hito.  I'ho  larva  (h'ig.  3S)  is  pyriform  in  sha])0  and  the  thorai  io 
soymonts  aro  armod  with  hook-liko  spinos  pointing  backwards. 
'I'hoso  larvae  aro  normally  found  in  the  suheutanoous  tissue  of  lower 
animals  and  thoir  in’osojioo  in  man  is  aeeidontal,  but  in  some  regions 
not  uncommon. 


Fig.  38. — Larva  and  stignial  plates  of  Dn')>ialohia  hominis. 


Genus  Oestrus 

( Hot  tlics) 

As  an  example  of  nasal  infestation  mention  may  be  made  of 
Oestrus  avis  Linnaeus,  the  sheep  bot-lly,  which  lays  its  eggs  around 
the  nasal  cavities  of  sheej).  After  hatching  the  larvae  make  their 
way  into  the  nose  and  enter  the  sinuses  where  they  grow  attached  to 
the  mucous  membrane.  When  fully  grown  they  leave  the  nostrils 
and  dro])  to  the  ground  which  they  enter  to  become  pupae.  'Phis 
larva  has  been  found  in  the  nasal  cavities  of  man. 

Genus  Gastrophilus 

( Hot  Hies) 

As  an  exam[)le  of  intestinal  myiasis  mention  may  be  made  of 
(nistropliitus  cqui  I'’abricius,  which  dejxisits  its  eggs  on  the  hairs  of 
horses.  Licking  by  the  horses  tongue  keeps  the  eggs  moist  and  lias- 
tens  hatching.  'I'he  larx’ae  are  lickecl  off  and  swallowed  thus  enter- 
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injj;  llu'  sloniacli  where  they  attaeh  themselxes  to  its  walls  and  grow. 
W’lien  fully  grown  they  pass  out  of  the  intestines  with  the  excrement, 
enter  the  ground  and  pu|)ate.  (h'ig-  .py)  Castro philus  licinorrl/oid- 
iilis  Linnaeus  is  another  horse  hot  lly.  Both  species  are  common  in 
the  United  States. 


a<;. — SliKnial  i)lat(.'s  of  Clii.str<il>hilns  fijni. 


A sejrarate  Family  has  been  made  for  Castro  philus,  namely  Ciastro- 
philidae.  It  is  here  mentioned  under  the  Oestridae  because  of  its 
habits. 


CIIAl’I  Kk  X 


MUSCOIDEA  CALYPTRATAE  (CONTINUED) 

. FAMILY  MUSCIDAE 

Key  to  Some  of  the  More  Important  Genera  of  the  Muscidae 

1.  I’roliosc'is  c'()ni|)k’ti'l>’  relraclilc  and  capable  of  hciiiK  llcxcd  liack  uinicr  llie 

head  and  completol.\'  or  partially  concealed;  lahellae  well  developed; 
haustellum  not  forniiiiK  a conspicuous,  elongated,  tapering  projection 

in  front  of  the  head  ( I'ig'^.  30  & 31) 2 

I’rohoscis  onl\'  partiall\'  retractile,  not  ca[)al)le  of  being  concealed  under 
the  head;  labellae  absent  or  vestigial;  haustellum  forming  a conspicu- 
ous projection  in  front  of  the  head  (Fig,  32) 5 

2.  Proboscis  capable  of  being  onl\-  partiall\’  ctnicealed  under  the  head;  mentum 

always  plainly  visible  as  a strongl_\-  convex,  chitinous  plate;  minute 
examination  shows  that  the  jrrestomal  teeth  are  not  numerous,  are 
thickened  and  elongated  and  arranged  in  one  row,  that  the  pseudotracheal 
membrane  is  i)resent  and  functional  and  that  the  hypo[)harynx  is  free 
from  the  labial  gutter  (Fig,  31), 

Fhihionatomyia  Austen,  igog  (Page  86) 
Proboscis  capable  of  being  entirely  concealed  under  the  head;  mentum 
not  prominent;  minute  examination  shows  that  the  prestomal  teeth 
are  numerous,  weak  and  arranged  in  three  rows,  that  the  pseudotracheal 
membrane  is  well  developed  and  that  the  hypopharynx  is  only  partially 
free  from  the  labial  gutter 3 

3.  F)ark  grev  to  black  (lies,  never  metallic  in  color 4 

Thorax,  abdomen,  cheeks  and  vertex  shining  green,  lustrous 

Cryploliicilia  (Page  85) 

4.  Fourth  longitudinal  vein  bends  sharply;  ist,  posterior  cell  almost  closed 

(Fig,  40);  thorax  marked  with  four  longitudinal  stripes  or  bands  (some- 
times fewer)  of  about  eriual  length M nsca  l.inn  (Page  80) 

Fourth  longitudinal  vein  bends  gradually;  first  posterior  cell  widely  open 
(Fig.  41 1 ; thorax  marked  with  two  short,  black  stripes  and  two  fainter 

lateral  stri[)es d/z/.vi/na  (Page  85) 

5.  Arista  with  branched  bristles  on  its  ujijier  side;  4th.  longitudinal  \’ein  with 
two  angles  and  discal  cell  “cleaver"  shafied  (Fig-  43);  pupa  with  two 

•characteristic  protuberances  behind (l/assiiKi  W’ii'demann  (Page87) 

Arista  with  simjile  bristles  on  one  or  both  sides;  fourth  longitudinal  \-ein 
not  as  above;  discal  cell  normal  in  shajie  (Fig.  40);  pu[Ki  without  pro- 
t uberances  behind,  resembling  the  |)upa  of  M usca 6 

6.  .\rista  with  bristles  on  uiiper  side  onl\’ 7 

Arista  with  bristles  on  both  u])per  and  lower  side 0 
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7.  Palj)i  \'i.‘ry  siiorl  much  shorter  than  proboscis,  cnlircly  concealed  when 

rostrum  is  retracted;  haustellum  long  projecting  well  beyond  heafl; 
1st.  and  3rd.  longitudinal  veins  ciliated  at  base  (h'ig.  42). 

Stonioxys  (leoffry  (I’age  86 j 
I’alpi  as  long  or  longer  than  proboscis,  always  visible  when  jiroboscis  is  at 
rest 8 

8.  First  longitudinal  vein  nude,  3rd.  longitudinal  vein  ciliated  at  base;  palpi 

club  shaped,  as  long  as  jiroboscis  and  somewhat  curved  upwards;  pro- 
boscis short  and  blunt;  first  posterior  cell  narrowed;  medium  sized, 

robust  Hies Stygeroniyia  Austen 

Idrst  and  3rd.  longitudinal  veins  nude  at  base;  (Fig.  47)  palpi  straight  and 
longer  than  proboscis;  proboscis  long  and  pointed;  first  posterior  cell 
widely  open;  small  Hies.  . . . //dcwm/e/i/u  Robiiieau-Desvoidy  (Page  SS) 
Q.  b'irst  and  3rd.  longitudinal  veins  ciliated  at  base;  fourth  longitudinal  vein 
feebly  curved;  ist.  posterior  cell  widely  open;  palpi  as  long  as  proboscis, 
feebly  club-shaped;  sexual  dimorphism  marked. 

Lyperosiops  'fownsend  (Page  88) 

First  and  3rd.  longitudinal  veins  nude  at  base 10 

10.  Palpi  strongly  spatulate;  4th.  longitudinal  vein  feebly  curved;  ist.  posterior 
cell  widely  open;  sternopleurals  2. 

Bcllolarynx  Austen  iqoo 

Palpi  feebly  spatulate;  4th.  longitudinal  vein  strongly  curved;  ist.  posterior 
cell  narrowly  open;  sternopleurals  2,  the  anterior  small  and  at  times 
absent Ilacmatobosca  Bezzi  iqii 


The  Non-biting  Muscidae 
Genus  Musca 

Alembers  of  this  Cienus  have  their  mouth  parts  adapted  to  suc- 
tion only. 

The  Genus  Musca  has  been  divided  into  two  groups,  the  non- 
blood sucking  species  and  the  blood  sucking  species  (haeniatopha- 
gous).  In  the  first  group  fall  the  domestic  species  which  live  on  all 
kinds  of  animal  and  vegetable  foods.  This  group  includes  Musca 
domes  lie  a L i n n a e u s . 

The  second  group  includes  the  wild  s])ecies  of  Alusca,  which 
while  they  can  not  bite,  they  suck  the  blood  which  exudes  from  the 
bites  of  biting  Hies  like  Tabanus  and  Slomoxys,  or  serum  which 
exudes  from  sores.  This  group  includes  Musca  aulumnalis.  Alem- 
bers of  this  group  breed  in  dung  ajid  probably  not  in  human  excre- 
ment and  therefore  would  not  be  so  important  as  the  truly  domestic 
Musca  which  mav  breed  in  human  excrement. 


MUSC'OlllKA  CAI.VI’TRATAE 


8l 


I'k,.  43. — Wing  of  Cilossi>ia  iiiorsilcnn. 
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.MTSCA  DOMKS'I  ICA  LIXXAKL’S 

TIk'  thorax  of  the  house  tly  or  “typhoid”  or  “tilth”  lly  as  it  is 
soinetinies  called,  has  four  eciually  broAd  stripes  on  the  dorsum, 
runniuft  longitudinally.  Dorsally  on  the  abdomen  there  is  a median 
brown  line  and  laterally  a large  yellow  area.  The  arista  is  feathered 
dorsally  and  ventrally.  'Fhe  lourth  longitudinal  wing  \'ein  bends 
with  a decided  angle  distally  and  the  first  posterior  cell  is  almost 
closed.  ( Fig.  40.) 

Life  History.  The  house  fly  lays  its  eggs,  i 20  or  more  in  a batch, 
preferably  in  fresh  stable  refuse,  but  it  may  breed  in  human  feces, 
garbage  or  other  organic  matter.  It  is  not  unlikely  that  a house 
ily  which  has  actually  bred  in  human  excreta  is  a much  greater 
menace  to  health  than  one  which  developes  in  manure  and  then 
merely  rests  on  the  surface  of  human  excreta  to  feed  or  oviposite. 
The  egg  hatches  within  one  or  two  days  into  a larva  or  maggot,  a 
worm-like  creature,  which  reaches  its  full  development  by  succes- 


sive moulting,  in  live  to  fourteen  days,  d'he  larva  (Fig.  44)  is  very 
active.  When  full  grown  it  migrates  to  the  bottom  and  towards  the 
edge  of  the  pile  of  organic  matter,  where  it  burrows  into  the  ground 
if  the  soil  is  not  too  hard,  to  become  a pujia  inclosed  in  a hard,  brown 
case,  d'his  is  a typical  coarctate  pujia.  In  this  stage  which  lasts 
from  three  to  live  days  ihe  insecl  is  quiescent.  'Fhe  fully  developed 
adult  tly  emerges  through  a circular  split  in  the  head  end  of  the 
puparium  or  pupal  case.  C'omplete  development  from  the  time 
the  egg  is  laid  until  the  adult  emerges  recjuires  from  lo  to  20  days 
de])ending  upon  atmosjiheric  tem])erature,  and  four  days  after 
complete  develojiment  the  females  are  capable  of  laying  eggs. 

Icggs  are  not  laid  in  manure  after  fermentation  has  well  begun, 
probably  not  after  the  first  twenty  four  hours  as  the  high  temperature 
in  the  centre  of  the  manure  jiile  is  inimical  to  the  life  of  the  larvae. 
Sunlight  and  drying  are  also  unfavorable  to  their  development.  In 
order  to  pui)ale  lar\ae  will  burrow  into  old  manure  if  earthy 
material  is  not  available  or  where  the  soil  is  tt)o  hard. 
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Extermination.  I'lic  lot^iral  way  to  t-xliTininatc  llios  is  to  t iimi 
nato  llu'ir  hria'diny  ])laca‘S.  Siu  h ])roc(.'(lurt‘  should  hand  in  hand 
with  the  screening  of  foods  and  of  human  hahitations  and  prix’ies. 

Manure  should  iinariahly  he  eolleetiMl  Irom  stables  not  leS' 
than  every  sewn  days,  or  hi-foia-  tin-  larva  has  had  an  opport unit \’ 
to  puiKite.  If  thi're  he  no  eonneetion  with  the  yu-ound  devi'loi)ment 
does  not  i)ro_yress  satisfaetoril}'.  'I'herefore  a tight  |)latlorm  on 
whieh  to  pile  the  manure  is  adxa’sahle. 

W here  it  is  not  ])ossihle  to  ha\'e  fre()iu‘nt  collections  a light-tight 
manure  bin  should  he  constructed  with  a tight  litting  co\’er,  screened 
ventilation  o])enings,  and  drainage  into  a s(“wer  if  a\'ailahle.  d'he 
bin  should  have  a concrete  lloor.  In  order  to  catch  any  llies  which 
mav  develop  within  the  bin  it  has  been  suggested  that  a t1y  trap 
made  of  tine  wire  mesh  be  constructed  on  the  top,  communicating 
by  a small  opening  with  the  interior  of  the  bin.  As  the  tly  is  helio- 
tropic it  will  naturally  seek  the  light  and  ])ass  from  the  dark  interior 
to  the  tra])  outside.  'Fhe  trap  may  be  detached  from  time  to  time 
and  submerged  in  a pail  or  tub  of  water. 

The  use  of  chemicals,  such  as  l)ora.\,  petroleum,  chloride  of  lime, 
etc.,  to  prevent  the  breeding  of  llies  in  manure  does  not  seem  to 
produce  the  practical  results  that  were  e.xpected.  According  to  the 
United  States  Department  of  Agriculture,  sodium  borate  or  crude 
calcium  borate  are  perhaps  the  best  chemicals  for  the  purpose,  used 
in  quantities  of  0.62  pound  borax  or  0.75  j)ound  crude  calcium  borate 
to  every  8 bushels  of  manure,  and  a])plied  immediately  upon  its 
removal  from  the  stable,  d'he  chemicid  should  be  si)rinkled  par- 
ticularly around  the  edge  of  the  ])ile,  and  then  wet  with  two  or  three 
gallons  of  water,  d'his  treatment  must  be  repeated  with  each 
addition  of  fresh  manure.  The  chemical  in  the  amounts  recom- 
mended does  not  destroy  the  fertilizing  ])roi)erties  of  stable  manure. 

'Idle  Richmond  Health  Authorities,  taking  advantage  of  certain 
factors  in  the  life  history  of  the  lly,  have  dexeloped  what  they 
have  called  a “maggot"  traj).  ddiis  dej)ends  for  its  efficiencv  upon 
the  fact  that  larvae  will  crawl  downward  in  the  pile  of  manure  in 
an  effort  to  reach  the  ground  to  pujiate  and  that  the  adult  female 
will  not  lay  her  eggs  in  manure  aflt'r  fermentation  has  well  begun, 
ddie  maggot  traj)  is  essentially  a manure  bin  without  a cox’ei'  and 
with  a bottom  of  coarse  mesh  heax'y  wire.  .After  the  eggs  dexi'lop 
larx'ae  make  their  way  downward  and  ])as^ing  through  the  wire 
mesh  tail  into  a concrete  basin  below  which  is  kept  full  of  water. 


IN'SI'.CTS  AND  DISEASE  OF  MAN 


«4 

Here  they  drown.  A lilm  of  oil  should  he  kejit  on  the  surface  of  the 
water  to  pre\’ent  mosquito  lireedinft.  'lAvo  bins  are  usually  in  use, 
one  in  process  of  filling  while  the  other,  already  full,  is  awaiting  the 
migration  of  the  larvae  before  the  contents  are  removed. 

Where  possible  it  is  sometimes  best  to  liurn  stable  refuse  with 
the  help  of  crude  oil  if  necessary,  thus  effectually  destroying  eggs  and 
larvae.  It  may  be  burned  in  windrows,  or  placed  on  a grating 
of  heavy  iron  such  as  railroad  iron,  laid  across  a small  gully,  forming 
an  improvised  incinerator. 

Manure  may  be  spread  in  a thin  layer  on  the  ground  so  that 
sunlight  may  reach  it  and  fly  de\’elopment  will  not  take  place.  It 
may  afterwards  be  plowed  under  as  a fertilizer. 

Remedial  measures  directed  towards  the  eradication  of  flies 
after  they  have  develoj^ed  are  rather  hojieless.  It  then  becomes 
necessary  for  individuals  to  protect  themselves  against  the  pest  by 
an  adequate  screening  of  domiciles,  privies,  and  food  thus  breaking 
the  vicious  circle  of  flies,  feces,  food  and  persons.  Chemicals  can 
be  used  in  ])rivies. 

A swat-the-fly  campaign  after  the  insect  has  multiplied  in  great 
numbers  is  futile,  although  it  may  be  possible  that  killing  adult 
flies  in  the  early  part  of  the  breeding  season  when  there  are  but  few 
and  before  they  have  had  an  opportunity  to  oviposite,  may  help  to 
eliminate  the  pest.  Various  schemes  have  been  devised  to  trap 
the  adult  fly  with  more  or  less  success.  The  general  principle 
involved  is  that  a fly  will  enter  a receptacle  where  food  is  present 
guided  by  the  sense  of  smell,  and  will  emerge  because  of  its  tendency 
to  seek  the  light.  This  point  may  be  taken  advantage  of  in  the 
construction  of  window  screens.  A space  of  one  fourth  of  an  inch 
should  be  left  between  the  upper  wooden  strip  of  the  frame  and  the 
screening  material.  A fly  gaining  access  to  the  house  through  open 
doors  etc.,  will  crawl  upward  and  out  through  this  opening.  In 
localities  where  moscpiitoes  are  also  a nuisance  or  a danger,  screens 
should  be  made  of  No.  i6  to  i8  mesh.  Where  flies  only  are  to  be 
e.xcluded  a coarser  mesh  will  serve  the  purpose.  A fly-swatter  is  a 
convenient  implement  to  have  available.  Fly  traps  are  also 
useful. 

Sticky  fly  jiaper  is  an  e.xcellent  means  of  catching  flies.  A sticky 
substance  which  may  be  spread  on  paper,  on  s[)iral  wire  or  on  a 
wire  coil,  is  made  by  dissolving  20  ])ounds  of  clear  resin  in  5 quarts 
of  castor  oil.  Heat  and  stir  until  a clear  solution  is  obtained.  lor 
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housrhold  purpose's  i)roporlionat('ly  smaller  amounls  should  he 
made  up. 

(larha^o  should  he  storc'd  in  \vater-ti,”;ht , elosely  eo\'i'red,  nn'lal 
rei'eplacles,  holh  rat  proof  and  Hv  proof,  and  should  he'  e'olh'e  te'd 
anel  im  inerale'd  at  least  twice  a we'ek. 

Genus  Muscina 

.\fnsciiia  stabiiliiiLs,  kne)wn  as  the  neen-bitinji;  stable  lly,  is  a more 
or  less  ce)mme)n  lly  and  may  ceeme  into  the  house.  It  breeds  in  dun<f 
and  decayini;  aiiimal  and  vesjtetable  matter  but  unlike  the  he)use  lly 
its  larvae  are  mainly  carnive)re)us  feedin<i:  e)n  other  larvae  in  the 
elecompeesiny  material. 


Fig.  45. — Insects  in  which  the  adeitt  stase  is  important,  (i)  Slomoxys  calcilrans: 
(2)  S.  calcilrans,  larva;  (3)  Tahaniis  hircinns:  (4)  Tahanns  larva;  (5)  Clossina  palpalis; 
(6)  (,.  palpalis,  side  view;  (7)  Cl.  palpalis,  peijia;  (8)  Cllnssina,  palps  and  arista.  (From 
“Stitt’s  Practical  BacterioloKy.  Blood  Work  and  Animal  Parasitologe',"  7th  Fldition.) 

Muscina  assimilis  is  another  member  of  the  tienus.  Its  le<i;s, 
]);di)i  anel  anlenmie  tire  wholl_\-  bhiek,  whereas  in  the  case  of  Muscina 
slabulans  the  le<is  are  in  ])art  yellow,  the  jtalpi  tire  yellow  and  the 
antenntie  are  brown. 

Genus  Cryptolucilia 

Cry jitalucilia  (Cscudo fiyrcllia)  caesarian  is  a common  llv 

breedin<r  in  cow  mtinure.  It>  ihorti.x,  tibdomen,  chet'ks  tind  verte.v 
tire  bright  shininy  j^reen. 


CHAPTER  XI 


THE  BITING  MUSCIDAE 
Genus  Philaematomyia  Austin,  1909 

1 hese  Ilies  somewhat  resemble  Musca  domcstica.  Tliey  are 
,>treyish  in  eolor  with  longitudinal  dark  stripes  on  dorsum  of  thorax. 
They  may  be  recognized  by  their  j)eculiar  proboscis  which  is 
described  elsewhere.  Eggs  are  laid  and  hatched  in  cow  dung. 
Pupation  takes  i)lace  in  the  ground.  Time  from  ovijjosition  to 
emergence  of  adult  about  6 or  7 days.  The  adult  feeds  on  cattle 
only  occasionally  attacking  man.  There  are  but  three  known 
species  of  which  P.  insignis  is  the  commonest.  These  dies  are 
not  known  in  the  United  States. 

Genus  Stomoxys  Geoffry 

Elies  of  the  genus  Stomoxys  resemble  rather  closely  the  common 
house  fly  but  the  long,  tapering,  chitinized  proboscis  ada])ted  for 
biting  will  immediately  differentiate  them  from  Musca  domcstica. 
There  are  a number  of  species  in  the  genus  Stomoxys  but  the  common 
one  of  the  United  States  is  Stomoxys  calcitrans  Linn.  'This  tly  is 
cosmojrolitan  in  its  distribution. 

Stomoxys  calcitrans  Linn. 

'The  arista  is  feathered  dorsally.  The  i)alpi  are  slender  and  short, 
less  than  half  the  length  of  the  i)roboscis.  The  fourth  longitudinal 


I'lc.  4f>. — Larva  of  .Sloinaxys  cal<  it)\nis. 


\i'in  curxes  so  as  to  merely  narrow  the  lirst  ])osterior  cell  which  is 
thert'lore  broadly  open.  (Mg-  4-?-)  I ht‘  lirst  and  third  longitu- 
dinal wins  are  brislle<I  at  their  proximal  end.  In  the  resting  posi- 
tion the  head  is  raised,  the  ])roboscis  projec  ting  lorward.  I he  legs 
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art'  hhu'k  the  abdomen  is  s^rey,  llu‘  thorax  is  marktal  with  ( hair  black 
>tripes  and  the  abdomen  with  regular  dark  spots. 

lyggs  are  laid  on  moist  hay  and  >traw,  grass  heaps,  horse  manure 
and  (leeaN'ing  vegetable'  matter.  Xe\'er  in  cow  dung.  rhe\'  will 
breed  in  marine  plants  washed  u])  on  the  beach.  l''rom  egg  to  adult 
re(|uires  from  25  to  days.  I'igg  stage  2 to  days,  lar\  al  stage  14 
to  21  days,  pujial  stage  about  10  days. 

'The  adults  bite  many  dilTerc'iit  spocics  of  mammals  including  man 
and  mav  come  into  the  liouse  before  a rain.  Xo  disease  in  man  nor 
animals  has  been  traced  to  this  lly. 

To  prevent  the  breeding  of  this  lly  care  should  be  taken  to  prop- 
erly dispose  of  rotting  hay  and  straw  and  manure. 

Genus  Glossina  Wiedemann 

(Tsetse  Flies) 

riiese  dies  are  confined  to  tropical  Africa  and  Arabia  and  are 
of  great  interest  because  they  carry  slee])ing  sickness  (Tryjianoso- 
miasis).  One  species  Glossina  palpalis  Robineau-Desvoidy  carries 
Trypanosouia  caslellaiiii  and  one,  Glossi)!a  nmrx/Oi/x  Westwood  carries 
Trypanosoma  rhodcsiensc.  There  are  about  17  known  species  in  the 
Genus. 

The  tdossinae  have  narrow  bodies,  they  are  dull  colored  greyish 
or  yellowish  brown,  with  the  wings  closed  flat  one  over  the  other  and 
jirojecting  when  at  rest  considerably  beyond  the  abdomen.  The 
palpi  are  as  long  as  the  proboscis  and  enclose  it.  The  proboscis  pro- 
jects forward  and  its  base  is  bulbous.  The  arista  is  feathered  with 
branched  bristles  dorsally  only.  The  fourth  longitudinal  vein  has 
two  sharp  bends.  The  discal  cell  is  cleaver  shaped,  a characteristic 
})oint.  I'he  first  jiosterior  cell  is  narrowly  open. 

Glossina  palpalis  is  a dark  medium  sized  fly  with  the  thorax 
bluish  gray  to  olive  gray  and  marked  with  brown  stripes,  'fhe 
abdomen  is  dark  brown  marked  with  pale  and  dark  triangular  areas. 
The  hind  tarsi  are  entirely  dark  and  the  third  joint  of  the  antenna  is 
dusky  brown  to  black.  It  is  the  insect  host  for  Trypanosoma  yam- 
hiense,  its  distribution  corresponding  to  the  area  in  which  the  Xhirth- 
ern  form  of  sleejiing  sickness  is  endemic. 

Glossina  morsitans  is  a light  colored  medium  sized  fly  with  a light 
grey  streaked  thorax,  d'he  abdomen  is  buff  colorc'd  with  sjiots  and 
bands.  The  last  two  joints  of  the  fore  and  midtarsi  have  sharply 
delined  dark  brown  or  black  tip.--. 
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Clossiliac  live  in  jungles  or  l)ushes  along  the  banks  of  lakes  or 
streams,  although  (f.  morsilans  is  not  so  restricted  in  its  range  as 
G.  palpalis.  They  suck  the  blood  of  many  of  the  large  wild  animals 
of  the  locality.  'Fhey  bite  principally  during  the  middle  of  the  day. 

'The  female  de])osits  a single  fully  developed  larva  which  has  been 
nourished  within  its  uterus,  growth  taking  about  eight  or  ten  days. 
The  larva  immediately  seeks  a ])lace  under  ground,  usually  near  the 
roots  of  shrubs  and  trees,  and  in  a few  hours  becomes  a ])U})a  which 
develoj)  into  the  fully  formed  adult  in  about  si.x  weeks.  This 
period  depends  more  or  less  upon  atmospheric  temperature.  The 
larva  bears  on  its  last  segment  two  prominent  rounded  granular  Idack 
projections  between  which  is  a jiit  bearing  two  stigmal  plates. 


Genus  Haematobia  Robineau-Desvoidy 

(Horn  Flies) 

(Synonym  Lyperosia ) 

These  flies  are  very  troublesome  to  cattle.  They  are  about  one- 
half  as  large  as  the  common  house  fly.  They  resemble  Stomoxys 
but  are  smaller  and  have  straight  feebly  clubbed  palpi  longer  than  the 


proboscis.  The  arista  is  haired  dorsally  only.  The  fourth  longi- 
tudinal vein  is  feebly  curved  and  the  first  posterior  cell  is  widely 
open.  The  common  horn  fly  of  the  United  States  is  Haematobia 
irrikins. 

The  female  lays  her  eggs  in  fresh  cow  manure.  Darting  from  the 
animal  as  soon  as  the  dung  is  passed,  she  deposits  her  eggs  hurriedly 
and  immediately  returns  to  the  host.  The  length  of  time  to  develop 
from  egg  to  adult  is  about  two  weeks.  Pupation  takes  ])lace  in  the 
soil. 
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Genus  Lyperosiops  Townsend 

This  Cicnus  is  one  proposed  by  'I'ownseiid  to  lake  the  phu'e  ol 
Ilacmatobia  as  used  in  most  hooks.  Ilacmalobia  is  the  e.xael  syJio- 
nvni  of  Lxpcrosia  as  shown  by  tlie  ty])e  irrilans.  Ilacmalobui  lakes 
preeedenee  over  Lypcrosia. 

The  type  of  Lyperosiops  is  slioiuloiis.  It  is  a hiuropean  and 
Oriental  lly  not  found  in  the  I’nited  Stales,  d'lie  s])ecies  of />y/^rre- 
siops  are  distinguished  by  the  arista  ha\-ing  5 to  8 bristles  above  and 
3 to  4 below.  The  fourth  vein  is  feebly  eurved  and  the  first  posterior 
cell  is  widely  open.  There  is  marked  se.xual  dinrorphism. 
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OTHER  NON-BITING  MUSCOIDEAN  FLIES 

FAMILY  SARCOPHAGIDAE 

Key  to  the  Genera  (J.  M.  Aldrich,  1916)* 

1.  Abdomen  wholly  shining  l)lack;  arista  long-plumose  (tropics). 

Phrissopodia  Macep 

Abdomen  with  three  rows  of  shining  black  spots  on  the  second,  third  and 
fourth  segments;  these  are  sometimes  continent,  but  at  least  the  inter- 
vening angles  are  densely  pollinose;  arista  pubescent  (widesjiread  north) 

(Page  03) Wohlfahrtia  B.  and  B. 

Abdomen  pollinose,  at  most  the  hinder  j)art  of  the  segments  shining  black 
in  certain  lights,  tessellated  in  others 2 

2.  Veins  i,  3,  and  5 hairy;  first  posterior  cell  closed  and  short  petiolate  (trop- 

ical)  JoJuiscDiia  Coq. 

\’cin  5 always  bare 3 

3.  -Male  with  one  orbital  bristle,  proclinate  (the  uppermost  frontal  sometimes 

simulating  another,  but  reclinate) 4 

-Male  without  orbital h 

4.  Front  protuberant;  vibrissae  apjiroximated  and  high  above  oral  margin 

(Louisiana) Camptops  .Mdrich 

Front  not  [irotuberant,  vilirissae  as  usual 5 

5.  Metacephalon  greatly  developed,  hence  the  lower  edge  of  head  remarkably 

long,  produced  backward  (troiiical) S a rot  lira  in  via  B.  and  B. 

-Metacephalon  not  great  1\' developed  (tropical) Sarcop/ia^ida  d.  \\  . 

6.  .\rista  short-plumose 7 

-\rista  long-jilumose 10 

7.  Parafacial  with  a single  macrochaeta  below,  [iroclinate  (Louisiana,  'J  e.xas. 

Camptopyga  .\ldrich 

Parafacial  with  a row  of  hairs Ai 

(S.  Xo  costal  spine  (widespread  north) Desvoidy. 

('ostal  s[)ine  strongl\'  dec'cloped 0 

9.  Back  of  head  with  only  black  hair;  anterior  acrostichals  \’ery  large  (north- 
eastern)  Ilarbcckia  .Mdrich 

Back  of  head  with  some  pale  hair;  no  anterior  acrostichals  (widesprearl). 

UypopeUa  Aldrich 

10.  'Fwo  large  posterior  dorsocentrals,  two  equally  large  anterior  r)nes  (tropical). 

XoUniiacta  .Mdrich 

GeneralK'  three  or  four  posterior  dorsocentrals,  it  only  twr)  the  anterior 

ones  are  much  ri'duced 

* Sarc()])liaga  and  .\llies.  Published  by  llie  Thomas  Say  I'oundation. 
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II.  \ ilirissar  approxinialt'd  ami  IiIkIi  alioNT  ilia  oral  marjjiii  (ihc  (lislaiicc 
aqualiiif;  llu'  Irnmh  of  ilia  saroml  aiiUaiiial  joint)  (wida.'^pia'ad). 

limblcnitisoiiui  .Mdrich 

\'il)rissao  normal,  or  if  .somawhat  ap|)ro.\imali'd  llia\’  ari'  not  st rikiiif^lx' 

ramovad  from  tha  oral  margin ■- 

I.'.  I’arafacials  (piila  ban-;  (irsl  vain  liairv  ( l-ouisia  na) . . Sthniopy^d  Aldrich 

I’araliaials  with  hairs,  somatimas  daliaali' 0^ 

i v Ocallars  alisanl;  frontal  rows  not  nolic  aabix-  divarfji-nt  balow,  raai  liiiiK  base 

of  antannaa  (tropical) llaypagopyya  .\ldriali 

Ocallars  present;  if  absent,  tha  frontal  rows  are  abrupllx’  divar^'anl  balow 


and  reach  about  to  tha  middle  of  second  antennal  joint 14 

14.  I'ifth  sternite  of  male  undixidi'd ; epaulet  yellow;  back  of  head  with  onl\' 
black  hair  (norlheastarn) Thclodisctis  Aldrich 


I'ifth  sternite  of  mala  daaiilx'  divided  (widespread)  (I’a^o  0,0- 

Sarcophay^ti  Meig, 

Description.  'I'hc  Sarcophaoidtic  have  large  bodies,  d'he  arista 
is  leathered  dorsally  and  ventrally  in  the  basal  half  but  is  naked  anti 
hairdike  in  the  distal  half.  The  legs  are  stout,  ddie  abdomen  is 
grey  with  whitish  or  siKery,  tesselatetl  or  changeable  spots,  d'he 
fourth  vein  ends  considerably  beftire  the  apex  of  the  wing  with  an 
almost  angular  bend.  The  parafacials  are  hairy.  There  are  no 
discal  bristles  on  the  abdomen  and  not  more  than  a single  jtair  of 
discal  scutellar  bristles.  The  palpi  are  well  developed.  Idle  eyes 
are  never  hairy,  ddie  proboscis  is  of  the  sucking  non-biting  type 
similar  to  that  of  the  house  lly,  ddie  abdomen  has  four  main  seg- 
ments— four  tergites  and  four  sternites.  Because  of  the  fact  that 
the  first  and  second  sternite  are  united,  the  last  visible  sternite  is 
really  the  fifth,  d'his  sternite  is  forked  behind  and  may  have  brushes 
of  short  spines,  blunt  jirocesses  etc,  which  are  of  siiecitic  imiiortance. 

As  in  many  other  Diptera,  a study  of  the  accessory  organs  of 
generation  is  of  \’alue  in  determining  the  species,  (k’ig,  48,)  d'er- 
minating  the  abdomen  just  back  of  the  fourth  segment  in  the  male  are 
two  small  segments  which  together  are  known  as  the  hy po pyy,ium 
or  genital  segments,  ddiey  serve  to  protect  and  give  attachment  to 
the  accessory  organs,  which  consist  of  two  forceps,  two  acccssorv 
plalcs  and  a jiair  each  of  oiilcrior  and  posterior  elaspers.  ddiese 
organs  can  not  be  sfudied  unless  the  end  of  the  abdomen  is  drawn  out 
as  tar  as  jxissible  without  tearing  the  tissues.  Dried  specimen> 
should  be  kept  in  the  relaxing  chamber  at  least  24  hours  before  this 
is  attempted,  d'he  jii'iiis  lies  in  the  middle  line  in  front  of  the  for- 
ceps and  between  the  elaspers.  d'he  anus  is  located  at  the  end  of 
the  second  segment  of  the  hypo|)ygium. 
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I'k..  4H.  Male  genitalia  of  sonic  of  the  Slln^ll/’lul^;(l.  (a)  X.  cniinnniiis;  tb)  X. 
as.siduii;  (c)  X'.  bulldhi;  (d)  X'.  litifDiiirrhoidulis;  (c)  X.  tiuadnsi'lom;  (f)  X'.  stirraceiiioidis; 
(r)  Dorsuni  of  abdomen  of  Wohlfakrtia  im'inoiii  (k'ft)  and  \\  oldjahrlia  vigil  (right). 
(Front  Aldrieh,  “Sari'opliaga  and  Allies  in  X’orth  America.”  The  Thomas  Say  Fonmla- 
t ifin.) 
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Larva.  'I'lio  Surcophugidae  arc  larviparous.  I lie  lar\  a is 
tapering.  (I'i.U-  3^’-)  d here  arc  two  great  hooks  at  the  small,  the 
head,  end.  The  stigmal  ])lates  have  no  button  and  lie  at  the 
bottom  of  a pit.  (Fig.  gg.)  The  slits  of  the  stigmal  phites  are  not 
>inuous,  thev  are  slender  and  are  subparallel  to  each  other,  d he 
slits  in  one  ]date  are  subparallel  to  those  in  the  oiiposite  plate.  I he 
fusiform  areas  eom])letely  eiuireh'  the  segments.  'There  tire  dis- 
tinct tubercles  above  the  anal  area  and  around  the  stigmal  lield. 

Habits.  In  habits  the  larcaie  range  from  scavengers  to  jiarasites 
of  warm  blooded  animals.  'They  have  been  reared  Irom  human  and 
animal  excrement,  from  carrion  and 
from  dead  insects.  Some  are  also  para- 
sites of  living  insects. 

Genus  Sarcophaga 

Most  of  the  members  of  the  Family 
belong  to  the  Cfenus  Sarcophaga . A 
common  species  in  North  America 
is  Sarcophaga  communis  Parker  which 
breeds  in  carrion  and  will  breed  in 
human  excrement.  It  is  abundant  in 
the  North  but  in  the  South  it  is 

replaced  by  a variety,  Sarcophaga  communis  var.  ochracea  Aldrich. 
Another  common  si)ecics  in  the  United  States  is  Sarcophaga  haemor- 
rhoidalis  Fallen.  'Phis  is  cosmopolitan  in  its  distribution.  It  is 
also  a scavanger  and  has  been  bred  from  human  excrement  and 
has  been  passed  in  the  stools.  It  is  quite  likely  that  this  species  is 
not  infrecjuently  a cause  of  intestinal  myiasis  and  the  larvae  seem  to 
be  capable  of  developing  within  the  intestinal  canal  of  man.  The 
following  species  have  also  been  bred  in  human  excreta:  Sarcophaga 
quadrisetosa  Coquillett,  Sarcophaga  assidua  Walker,  Sarcophaga 
sarraccnioides  Aldrich,  a variety  of  A.  luberosa  Pandelle,  S.  pachy- 
proca  Parker  and  S.  bullata  Parker. 

Sarcophaga  carnaria,  a Eurojiean  species  may  be  the  cause  of 
nasal,  intestinal  or  cutaneous  myiasis.  It  normally  breeds  in  tainted 
flesh. 


Fic.  49. — Last  abdominal  seg- 
ment of  a Sarcophagid  fly. 


Genus  Wohlfahrtia 


'1  he  Genus  Wohlfahrlia  is  also  of  interest  because  it  may  be  a 
cause  ot  nasal  and  cutaneous  myiasis.  .\  European  form  is,  in 
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hahits,  similar  to  the  North  American  Screw-Worm  \\y,Cocldiomyiii 
macclhiria  Fahricius.  Two  sj)ecies  are  found  in  the  Uniterl  States, 
a Western  form,  IFe////'(7//;7/(/  mcigcuii  Schiner  and  an  Eastern  form, 
Woliljalirtia  vigil  Walker.  Lar\’ae  of  the  latter  have  been  taken 
from  beneath  the  skin  of  infants,  ddie  western  form  may  have  the 
same  habit. 

In  IF.  mcigcuii  the  abdomen  is  mostly  pollinose,  its  black  spots 
small.  In  IF.  vigil  the  black  spots  are  large  and  conlluent,  the 
])ollinose  part  not  being  very  cons])icuous. 


Key  to  the  More  Common  and  Widespread  Species  of  the  Genus  Sarcophaga 
in  the  United  States.  (Condensed  from  Aldrich’s  Key) 

I.  Three  distinct  postsutural  dorso-cent ral  bristles. 

Group  .\.  Hind  tibiae  with  villosity  (with  erect  hairs);  Ijoth  segments  of 
hyj)opygium  l)lack. 

I.  Middle  tibiae  with  a i)atch  of  yellow  hair  covering  the  apical  third  of 

the  front  side sinuala  Meigen 

Grouj)  H.  Hind  tibiae  with  erect  hairs;  at  least  the  second  segment  of  the 
hypopygium  red. 

1.  First  vein  bare;  front  without  orbital  bristle  in  male;  legs  black;  hind 

femora  on  outer  sifle  with  a median  row  or  part  of  a row  of  longer 
bristles  than  the  upper  and  lower  rows;  sternites  1-4  not  successively 

narrowe’d;  anterior  acrostichals  present 2 

•Same  but  anterior  acrostichals  absent 

2.  With  an  almost  complete  median  row  of  bristles  on  hind  femur. 

( iDibicis  Townsend 

With  only  the  distal  end  of  the  row  {)resent;  the  accessory  plate  slender, 
finger-like lalistcnin  Parker 

3.  With  a complete  median  row  of  bristles  on  hind  femur. . . hisclosa  Parker 
Group  C'.  Hind  tibiae  not  with  erect  hairs,  at  the  utmost  with  a few  appressed 

hairs;  hypopygium  wholly  black. 

1.  First  vein  hairy 4 

First  vein  bare - 

2.  iMale  without  orbitals;  frontals  e.xtending  below  base  ol  antennae; 

anterior  acrostichals  large;  arista  short-plumose;  hypopygium 

larg(. 1, ;;;•/(/  affiiiis  Fallen 

Same  but  arista  as  usual;  hypopygium  small 

3.  Second  segment  of  hypopygium  opacpie;  palpi  yellow;  lorceps  slender 

largely  vellow  and  having  a i)rotuberance  on  the  attached  inirt  on 
which  is  a striking  tult  ol  long  straight  black  hair,  which  is  invisible 

in  re|K)se Iniuliri  Hough 

Same  but  fc^rceps  not  with  such  tuft;  Distal  segment  of  penis  thickened 
from  its  base e/jf/Vn;  Goquillett 

4.  Second  abdominal  segment  with  erect  median  marginal  bristles;  distal 

segment  ol  penis  lull  and  globular,  llat  behind.  . Dichiiii .\ldrich 
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(iroup  D-  llind  til)iao  nol  with  ciTit  litiirs;  at  liaisl  llic  second  sefj;nienl  ol 
tiypop\'giuin  red  or  reddish  \ ellow. 


I . Idrst  vein  liairy 14 

I'irsl  vein  l);ire ^ 

j.  I'alpi  yellow ,■> 

Palpi  hlack I 


Lejjs  black;  outer  vertictil  l)ristU's  absetit  iti  nittle;  hrst  se^nietit  of 
hvpop\'giutii  with  row  ol  Itrislles  ;it  ttpex,  olten  itidistinct;  stntill 
species;  forceps  with  a p;dr  ol  [irocesscs  iti  the  bastil  ;ttt;iched  part 
which  bear  a strikitif'  tufl  of  lotif^  straif^ht  black  hair,  concealed  in 

repose hu uteri  I loufili 

Stinie  but  forceps  tiot  with  such  i)rocesses  or  tubs,  .opijera  ('otpiilletl 

4.  Arista  lotig  and  thin,  short-plumose;  h\|)o|)\giutn  Ittrge,  secotid 

segment  red  with  long  upeurved  bristles.  . U ypopdla  scrofa  .\ldrion 
.\rista  normal;  both  segmetUsof  hypopygium  reddish  yellow 5 

5.  I'rontal  rows  of  bristles  tiot  strongly  divergetit  below;  epaulets  yellow. 

pcninihUa  Tarker 

Frontal  rows  suddenly  diverging  in  the  htst  two  or  three  bristles; 

epaulets  black 6 

0.  .\tUerior  acrostichal  bristles  well  developed;  partd'acials  gray;  penis 

with  a pair  of  erect  recurx'ed  hooks  otr  the  back  near  a[)e.\ 7 

Same  but  penis  not  with  hooks  on  back S 

7.  Accessory  plate  at  least  twice  as  long  as  wide;  not  e.xcised;  distal 

segment  of  penis  slender  narrowed  at  tip alcedo  .Aldrich 

S.  Distal  segment  of  penis  in  the  form  of  a long  tube,  incurved  at  the  end 
and  forming  a loop  that  can  be  seen  through  in  profile  beyond  the 

lateral  processes reverse  .Aldrich 

Distal  portion  not  forming  a loo])  that  can  be  seen  through q 

g.  Distal  segment  of  the  jienis  on  its  apical  half  with  lateral  thin  expanded 
margins  which  arc  whitish  or  transparent  somewhat  like  a ruffle. . . 10 
Penis  not  with  ruffle-like  expansion 13 

10.  Distal  segment  (beyond  the  hinge)  evidently  divided  into  two  subseg- 

ments   II 

Distal  segment  not  so  di\'ided 12 

1 1.  The  division  of  the  distal  segment  is  near  the  tip,  which  is  divided  into 

two  delicate  processes  attached  to  the  fringe.  lUdr^iitetd  .Aldrich 

The  division  is  just  beyond  the  middle,  the  apex  broadly  and  deeply 
cleft  into  two  strong  but  llat  claws  which  are  nol  connected  with 
the  fringe jdleiformis  .Aldrich 

12.  'File  chitinous  distal  segment  is  notched  into  two  sharj)  jKiinls  at  apex; 

a pair  of  erect  median  marginal  bristles  on  .second  abdominal 

segment seliyerd  .Aldrich 

The  distal  segment  is  swollen  and  whitish  near  end,  not  perceptibly 
notched;  rarely  with  meilian  marginals  on  second  abdominal 

segment eolorddeiisis  .Mdricli 
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IS-  Second  aixloniinal  segmciU  without  median  marginals;  front  at  least 
.16  of  head  width;  the  stout  divergent  i)rongs  at  the  tij)  of  the  jienis 
cover  and  conceal  the  minute  incurvefl  copulatory  tube  or  at  most 

have  a \'  shaped  opening aciileala  Aldrich 

14.  'J'ihiae  black;  first  segment  of  hypopygium  very  large,  flat  behinrl, 
giving  the  abdomen  a truncated  appearance;  acrostichals  well 

developed pachyprocta  Parker 

Tibiae  black;  first  segment  of  hypopygium  retracted  almost  invisible; 
anterior  acrostichals  hardly  differentiated  from  hairs. 

hclicis  Townsend 

II.  F our  post-sutural  dorsocentral  bristles  or  else  the  anterior  ones  of  the  post- 
sutural  series  indistinct,  hardly  differentiated  from  hairs. 
tirou[)  If.  blind  tibiae  with  erect  hairs;  hypopygium  entirely  black. 

I.  Front  about  as  wide  as  one  eye;  middle  tibiae  with  long  dense  hairs  on 
distal  half  of  inner  side;  very  robust  species.  (Atlantic  seaboard 

from  Massachusetts  to  Texas.) johnsoni  .\ldrich 

Group  F.  blind  tibiae  with  erect  hairs;  at  least  second  segment  of  hypo- 
pygium  red. 

1.  F'irst  vein  bare;  legs  black;  first  segment  of  hypopygium  black  at 

least  on  apical  half 2 

.Same  but  first  segment  yellow  at  least  on  apical  half 5 

2.  Prescutellar  bristles  absent;  forceps  nearly  straight  in  profile  with  a 

notch  behind  near  base Iiaemorriioidalis  Fallen 

Prescutellar  bristles  present 3 

3.  Middle  tibiae  with  out  erect  hairs,  with  a single  row  of  black  hairs 

behind  the  eye securifera  Villeneuve 

With  more  than  one  row  of  black  hairs 4 

4.  F’orceps  in  profile  with  an  emargination  behind  followed  by  a hump. 

falcuhila  Pandelle 

Forceps  not  with  a hump;  penis  with  four  slender  processes  at  tip. 

tuberosa  var.  exuberans  Pandelle 

5.  Middle  tibiae  without  erect  hairs;  at  most  with  appressed  hairs  as 

long  as  the  tibia  is  wide;  parafacials  gray  or  with  but  little  yellowish 
tinge  and  with  distinct  hairs;  the  row  of  bristles  on  the  fourth  abdom- 
inal segment  entirely  marginal;  anterior  acrostichals  not  ditteren- 
tiated  at  most  faintly  discernible  at  front  edge  of  thorax;  third 
abdominal  segment  with  median  marginal  bristles;  forceps  with 
nearly  parallel  front  and  back  edges  and  an  apical  tooth  formed  by 

an  excision  of  the  front  edge sarracenioides  .Mdrich 

Same  but  forceps  tapering  to  a sharp  point;  distal  segment  of  penis 
short  and  very  broad  and  blunt,  a curved  horn-like  process  at  each 

outer  apical  angle bidhiUi  Parker 

Group  G.  Hind  tibiae  without  erect  hairs;  both  segments  of  hypopygium 
black. 

I.  First  vein  hairy salva  .Mdrich 

Grouj)  II.  Hind  tilnae  of  male  without  erect  hairs;  at  least  the  second  seg- 
ment of  hy[K)i)ygium  red. 
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1.  I'irsl  vein  hairy.  . . 7 

First  vein  bare ^ 

2.  KpauU't  larfjely  yellow;  fronlals  not  or  but  little  divergent  anteriorly; 


scutellnin  without  a pair  of  small  apical  bristles  in  male 

Kpaulets  black 4 


^ Falpi  and  legs  black;  front  about  half  as  wide  as  one  eye;  evidently 
narrowed  below  the  ocelli;  i)arafrontals  and  parafacials  gray, 
pollinose;  lirst  segment  of  hypopygium  black  (very  common 

north) coniDniiiis  Parker 

Same  but  parafrontals  and  parafacials  yellow,  pollinose;  lirst  segment 
of  h,\'poj)ygium  red  (very  common  south). 

communis  var.  ochracea  Aldrich 

4.  \'ibrissac  not  farther  above  the  oral  margin  than  half  the  length  of 

second  antennal  joint,  generally  not  unusually  appro.ximated; 
palpi  black;  one  or  two  pairs  of  strong  erect  anterior  acrosthicals, 
several  times  as  large  as  adjacent  hairs;  anterior  donsocentrals 
also  large  and  erect.  Forceps  with  barb  like  projection  behind. 

kcllyi  .Aldrich 

.Same  but  acrostichals  either  undifferentiated  or  but  little  larger  than 
adjacent  hairs 5 

5.  Scutellum  with  a pair  of  small  apical  bristles  lictween  the  large 

marginals t) 

Scutellum  without  small  apicals;  front  much  narrower  than  the  width 
of  one  eye;  fifth  sternite  with  the  sides  not  diverging;  forceps  in 
back  view  decidedly  diverging  at  the  tip,  very  small;  hind  tibiae  not 
hairy;  anterior  claspers  long  not  very  stout.  ..  .ass idua  Walker 

6.  Back  of  head  with  two  rows  of  black  hairs  behind  eye;  large  stout 

species  without  median  marginals  on  third  abdominal  segment. 

plintliopyga  Wierleman 

Back  of  head  with  three  rows  of  black  hairs  behind  eye;  frontal  rows 
suddenly  divergent  at  lower  end;  outer  vertical  present;  forceps 
with  dense  erect  short  hair  almost  at  tip iitilis  Aldrich 

7.  Lateral  vertical  bristles  generally  present;  forceps  divergent. 

latisetosa  Parker 

Lateral  vertical  bristles  absent;  stalk  of  penis  very  long,  on  the  front 
side  just  before  tip  with  a flat  yellow  transverse  plate  projecting 
forward qiiadriselosa  Coquillett 


FAMILY  CALLIPHORIDAE 

Description.-  Alembers  of  the  Family  Calliphoridae  have  the 
mouth  parts  well  developed  and  adapted  to  suction  only,  as  typified 
in  the  house  lly.  IIyi>opleural  bristles  are  [)resent;  notopleural  bris- 
tles 2;  sternojtleurals  2:1  or  i:r,  never  t : r : 1 ; post  humerals  usuall v 
laterad  of  presutural,  sometimes  in  line  with  presutural,  rarely 
absent,  never  mesad  of  jtresutural;  hind  coxae  bare  behind  tibove 
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l)ase  of  liind  femur;  winj^  venation  of  llu“  Museid  type,  d'he  alxlomen 
or  the  alxlomen  and  thorax  is  usually  of  a l)right  metallic  color  but 
sometimes  yellowish  or  blackish.  The  thorax  is  usually  without 
stripes  or  bands. 

Habits,  d'hese  Hies  are  commonly  known  as  blue  or  green  l)oUle 
flies.  'Fhey  are  scavangers  breeding  in  fresh  or  decaying  meat  or 
human  or  animal  excrement  and  may  be  the  cause  of  myiasis  in  its 
several  forms. 


Fig.  50. — Insects  in  which  the  larval  stage  is  important,  (i)  Cochliomyia  macel- 
laria;  (2)  C.  macdlaria,  larva;  (3)  Dermatohia  huminis  larva,  early  stage;  (4)  D.  hominis 
larva,  later  stage;  (5)  Dermalobia  hominis;  (6)  A itchmeromyia  lutcola;  (7)  A.  liitcola, 
larva;  (8)  Sarcophaga  magnifica;  (9)  5.  magnifica  larva;  (10)  Anthomyia  pluvialis; 
(II)  A.  pluvialis  \aryd.  (From  Stitt’s  “Practical  Bacteriology,  Blood  Work  and  Animal 
Parasitology,’’  7th  lidition.) 

Larva,  d he  larva  is  tapering  and  has  two  great  hooks  at  the 
small  or  head  end.  The  slits  in  the  stigmal  jilates  are  not 
sinuous,  they  ;ire  slender  and  directed  rather  trans^’erse  to  the 
body.  'I'he  jilates  are  jirovided  w’ith  a button  and  are  not  placed  at 
the  bottom  of  a pit  as  in  Sarcophagidae.  There  are  tubercles  about 
the  amd  area  and  prticesses  around  the  stigmal  held.  I he  roughened 
area  may  encircle  the  segments. 

.Among  the  ( allijihoridae  which  are  not  some  metallic  shade  of 
blue  or  green  are  tlu“  (lenera  Pollciiio  and  M clu tiodcxiu , greyish  and 
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nonnu'lallic  in  coloration.  In  tiu'sc  jfcnera  llu‘  .stcrnopicural.s  arc 
i;i;  the  ])rostcrnuni  and  i>ro|)lcura  arc  hare  and  the  i)aralacials  are 
hairy  down  to  tiu'  lowermost  maryin  of  the-  eye.  In  all  other  ('alli- 
phoridae,  Aim'rican  at  h'ast,  the  prosternum  and  the  pro|)leura  are 
hairy. 

Other  nonmetallic  tj;enera  which  may  he  mentioiu'd,  are  the 
yellowish  or  brownish  yellow  testaceous  ( 'alliphoridae,  M esem- 
briuella  (blow  Hies  of  South  .\merican)  and  A iichwcroiuyia  and 
Bcngalia  both  Afriian  genera  of  medical  inti'rest. 

Key  to  the  Genera  of  Calliphoridae  (R.  C.  Shannon,  1923)* 

1.  I’roslernum  and  propleura  Ijarc;  sterno-pleurals  1 ; 1 ; |)arafacials  hairj'  down 

to  lowermost  margin  of  eye.  (Sul)faniilv  I’olleninae.) 

.\.  'I’horax  with  abundant  deedduous  pile;  (wo  sublaleral  bristles;  post- 

humerals  present  (I’age  lob) Pollciiia 

A.V.  Thora.x  without  deciduous  pile;  one  sui)lateral  bristle;  [>ost-humerals 
absent .\[  cl'Dwdcxia 

2.  Prosternum  and  i)ropleura  pilose;  sternopleurals  2:1. 

X.  Ppper  side  of  stem  of  first  vein  ciliated;  subcosta  sclerite  with  small 
black  bristles.  (Subfamily  Phorminae.) 

B.  Face  yellow  with  yellow  pile;  anterior  portion  of  lower  sciuama  pilose; 
one  post-humeral  bristle. 

C.  Palpi  normal  with  well  scattered  bristles;  three  or  four  propleural 
bristles;  post-thoracic  spiracle  light-colored  with  a row  of  black 
hairs  along  its  lower  margin  (Chrysoniyia  julvipcs  IMacg.  {u'hcch'ri 

llgh.,  syn.  by  .\ldrich)) Coinpsoniyiops  Townsend 

Ct'.  Palpi  about  one-third  normal  size  with  bristles  placed  on  outer 
third;  post-thoracic  spiracle  darkened.  {C/irysoinyia  niacellaria 

hab.)  see  Foolnotef  (Page  105) CflCldiomyia  Townsend 

BB.  Face  black  with  black  hairs;  lower  squamae  bare;  usually  two  i)ost- 
humeral  bristles. 

('.  I)i.sc  of  upper  squama  bare;  anterior  acroslichals  well  distinguish- 
able from  surrounding  hairs. 

Jb  Four  intra-alars;  si.x  or  more  marginal  scutellars;  prothoracic 
spiracle  dark  orange  to  black  (mctallica  (Page  106). 

l^rotocalli  phoya  1 lough 

1)1).  T wo  intra-alars;  four  marginal  scutellars;  iirothoracic  siiiracle 
distinctly  light  orange  colored  {rciiina  i\Ig)  (Page  105). 

Phonnia  Robineau-Desvoidv 
CC.  Disc  of  upper  squama  (hinl>-  pilose;  anterior  acrosticals  not  distinct 
from  surrounding  hairs;  i)rothoracic  s|)iracle  black. 

fiencra  of  ncarctic  ( ’alliijlioridae,  blow  (lies,  with  Revision  of  the  ('alliphorini. 
In.sei'ulor  Inscitiae  Menstriuis,  \'ol.  XI,  lo-.?.  -Vos.  7 tj.  ])p.  loo  110. 

I Where  there  is  only  one  .Xorth  .\meriran  species  it  is  noted  in  parenthesis. 
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J).  Arislal  rays  closely  ai)i)licd  to  arista;  face  nuich  produced  below, 
making  the  head  as  high  as  broad;  prothoracic  spiracle  notice 
ably  larger  than  third  antennal  joint,  {arislaliis  Aid.  & Snn. 
{Phormia  cocruka  Mall.,  y^xcoc.)  . . . .Bore'dus  Aid.  & .Snn. 
1)J).  .\ristal  rays  well  separated;  face  moderately"  produced  below, 
noticeably  broader  than  high;  prothoracic  spiracle  about  size 
of  third  antennal  joint,  {lerracnovae  Desv.)  (Page  105). 

Proto  phormia  Townsend 

A.\.  Upper  side  of  stem  vein  bare;  subcosta  sclerite  faintly  pubescent;  one 
post-humeral  bristle.  (Subfamily  Calliphorinae.) 

B.  Upper  surface  of  lower  squama  bare;  a small  chitinized  hairy  patch 
present  on  posterior  end  of  the  membrane  between  lower  squama 
and  lower  margin  of  the  post-alar  declivity  {cuesar,  et  al)  (Page  104). 

Lucilia  Desvoidy 

BB.  Upper  surface  of  lower  sciuama  distinctly  pilose;  above  mentioned 
j)atch  absent. 

C.  One  sublateral;  two  bristles  near  middle  on  exterior  surface  of 

front  tibia  (Page  000) Cynomyia  Desvoidy 

CC.  Two  or  three  sublaterals;  one,  rarely  two,  bristles  midway  on 
exterior  surface  of  fore  tibia. 

D.  Two  sublaterals  (.\crophaga  BB.) Sleringomyia  Pokoray 

DD.  Three  sublaterals. 

E.  Last  section  of  fourth  vein  straight  or  but  very  slightly  curved; 
antennae  black,  small,  third  joint  only  as  long  as  dorsal  bristle 

of  second  joint Onesia  Desvoidy 

EE.  Last  section  of  fourth  vein  with  a decided  bend;  antennae  nor- 
mal in  size,  third  joint  much  longer  than  bristle  of  second 

joint Calliphora  Desvoidy 


Synopsis  of  Calliphorini  (R.  C.  Shannon) 

Males 

A.  Outer  forceps  very  elongate;  inner  ones  rudimentary;  one  sublateral. 

Cynomyia 

B.  Entire  front  of  head,  bright  golden  yellow  with  silvery  pruinosity. 

mortiioriim  Linne 

BB.  Facial  plate  dark,  genae  reddish  brown cadaverina  Desvoidy 

A.\.  Outer  forcei)S  not  very  elongate;  inner  ones  well  developed,  being  nearly 
as  long  to  longer  than  outer;  two  or  three  sublatcrals. 

B.  Lobes  of  lifth  sternite  very  prominent,  obtusely  rounded  apicalh"; 

two  sublaterals Stcritigomyia 

C.  Narrowest  width  of  front  much  broader  than  width  of  parafacials, 
bristles  on  j)arafrontal.s  continue  all  the  way  to  the  inner  verticals, 
lower  half  of  parafacials  distinctly  reddish  brown;  inner  forceps 
longer  than  outer;  scjuamae  white alpina  Zett 
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C'('.  Narrowest  width  of  front  not  broader  than  parafacials;  l)ristles  on 
parafrontals  and  below  level  ol  anterior  ocellus;  parafacials  black, 
squamae  darkened. 

1).  I’arafacial  broader  than  narrowest  width  of  Iront;  inner  forceps 
as  long  as  outer,  much  broadened  basally,  Hat,  in  outline  pcar- 
shjipctl alaskciisis  Shannon 

1)1).  I'arafacials  of  same  width  as  narrowest  part  of  front;  forceps  very 
slender,  about  two  and  one  half  limes  as  long  as  combined  width; 

inner  ones  much  shorter  than  outer aldricliia  Shannon 

]}B.  Lobes  of  fifth  slernite  inconsiiicuous,  appressed,  e.xcept  clongata  which 
has  them  truncate;  three  sublaterals. 

C.  Last  section  of  fourth  vein  straight  or  only  slightly  bowed  inward; 
third  antennal  joint  small,  about  as  long  as  dorsal  bristle  of  second 

antennal  joint;  forceps  small Onesia 

I).  I'hird  antennal  joint  distinctly  longer  than  width  of  parafacial; 
wings  and  squamae  smoky;  forcejis  very  small,  outer  ones  rounded 
apically,  their  basal  halves  overlapped  by  hypopygium. 

andeata  Pandell 

DD.  Third  antennal  joint  slightly  shorter  than  width  of  parafacial, 
wings  and  squamae  very  slightly  tinged;  forceps  not  unusually 
small,  outer  ones  pointed,  thick  and  irregular  in  outline;  inner 

ones  more  deeply  inset  than  outer agilis  Meigen 

CC.  Last  section  of  fourth  vein  with  a decided  bend;  third  joint  normal 
sized,  much  longer  than  bristle  of  second  ]o\\\t . . . .Calliphora 
1).  Front  of  head  bright  orange  with  silvery  pruinescence;  pair  fronto- 
orbitals;  only  five  pairs  of  frontals;  forceps  moderate,  of  equal 
development,  slender  and  curved  apically;  scpiamae  white. 

elongala  Hough 

1)1).  Front  of  head  partly  black;  no  fronto-orbitals;  squamae  darkened. 
E.  Narrowest  width  of  front  over  twice  as  broad  as  parafacial; 
a well  differentiated  pair  of  secondary  ocellars  placed  immedi- 
ately behind  post-ocelli;  forceps  very  small;  outer  ones  nearly 
bare;  inner  ones  very  hairy  on  post-aspect.  . . .latij'rons  Hough 
EE.  Narrowest  width  of  front  much  less  than  twice  width  of  parafacial ; 
secondary  jiair  ocellars  not  well  differentiated  from  surrounding 
hairs. 

E.  Three  intra-alars;  basicosta  black;  outer  forceps  well  provided 
with  long,  loose  hairs. 

G.  Narrowest  width  of  front  broader  than  width  of  parafacial; 
bucca  mostly  reddish;  outer  force[is  regular  in  outline, 

obtusely  pointed coloradensis  Hough 

GG.  Narrowest  width  of  front  less  than  half  the  width  of  para- 
facial; bucca  black;  outer  forceps  suddenly  curved  at  apex, 

sharply  pointed viridcscois  Desvoidy 

FF.  Two  intra-alars. 

G.  Basicosta  yellowish;  outer  forceps  with  long,  loose  hairs, 
broad,  obtusely  rounded  at  apex;  bucca  red. 

crythroccphala  Meigen 
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(i(i.  Hasicosla  l)lack;  Ijuica  l)lack. 

II.  I’aralacials  black;  outer  I'orcep.s  si raiKhl , cotiiparalively 
broad,  f'radually  tapering  to  obtuse  point,  clollied  with 

short,  still  hairs morticia  Shannon 

nil.  I ^ower  half  of  parafacials  red;  outer  forceps  j'ently  curved, 
very  slender,  sharply  pointed,  nearly  bare. 


VO  III  it  or  id  Linne 

1.  Heard  red voniiloria  vomitorid 

II.  Heard  black voiiiilorid  nigribdrbd  Shannon 


Tdbic  of  Fcnidlcs 

A.  One  sublateral;  two  bristles  about  midway  on  e.xterior  side  of  fore  tiijia. 

Cynoinyid 

H.  Entire  front  of  head  bright  orange  yellow iiioiiiionim  Linne 

HH.  Front  ami  facial  plate  black cdtldvcriiid  Desvoidy 

.\A.  I’wo  or  three  sublaterals;  one  bristle  niidwa\'  on  outer  side  of  fore  tibia. 

H.  Two  sublaterals;  slender  species Stcringomyid 

C.  I’lumosity  of  arista  two-thirds  normal  length;  squamae  white. 

popojjdiid  Townsend 

CC.  Tlumosity  normal;  squamae  darkened. 

D.  Lower  fronto-orbital  on  level  with  fifth  frontal;  disc  of  fourth 
segment  with  strong  bristles  and  sparse,  short  hairs. 

dldrichid  Shannon 

DI).  Lower  fronto-orbital  on  level  with  si.xth  frontal;  disc  of  fourth 
segment  consjiicuously  haired,  bristles  weak.  Probably  lemalc 

of d/dskciisis  Shannon 

HH.  Three  sublaterals,  usually  robust  sjiecies. 

C.  Last  section  of  fourth  vein  very  slightly  bowed  inward;  antennae  black, 
small,  third  joint  only  as  long  as  bristle  of  second  joint;  Irontal  vitta 
twice  as  long  as  broad;  rather  small  species.  . . .Oiicsid  djiilis  Aleigen 
C'C.  Last  section  of  fourth  vein  with  decided  bend;  antennae  ot  normal 
size,  partly  red;  frontal  vitta  less  than  twice  as  long  as  wide. 

Cdllipliord 

1).  Post-margin  of  second  tergite  without  long  bristles  excejit  at  sides; 

squamae  white;  basicosta  yellow c/oagu/u  Hough 

1)1).  Post-margin  of  second  tergite  with  appressed  long  bristles  extending 
across;  squamae  darkened. 

IT  strongly  differentiated  pair  of  secondary  ocellars  placed  imme- 
diately behind  post-ocelli;  bristles  on  facial  ridges  well  devel- 
oped, lower  ones  longer  than  width  ol  paratacial. 

Idtifroiis  Hough 

FIT  .Secondary  ocellars  hardly  differentiated  from  surrounding  hairs; 
facial  ridge  bristles  much  smaller. 

P.  'Three  intra-alars;  basicosta  black. 


(b  Hucca  red colorddrii.sis  Hough 

(Hi.  Hucca  black viridc.uriis  Desvoids 

FF.  Two  intra-alars. 

(1.  Hasicosta  yellowish;  hucca  roMish . . . .iryl/iroccp/idld  .Meigen 
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(i(i.  Hasic'osta  l)lack;  luKca  l)lack. 

II.  lliaul  as  lii^h  as  broad;  paralacials  iiorniallx'  black. 

ill  Shannon 

nil.  Head  broader  than  hi^h;  lower  half  ol  paralacials  reddish. 


voiniloriii  Linne 

I.  Heard  reddish vomitoriu  vomilorin 

II.  Heard  black voiniloriii  ni^rihnrhn  Shannon 


Kep  to  the  Tribe  Luciliini  iR.  C.  Shannon,  1924)* 

I'lihlr  of  Muirs 

.\.  .\risla  brevi-pluniose.  ihe  dorsal  bristles  ol  lirst  antennal  joint  beinj;of 
equal  length;  two  sublaterals  (third  sublateral  absent),  threeintra-alars 

(Clenus  Friiiiriliii  Shantion) iihiskriisis  Shannon 

\.\.  Arista  of  normal  plumosity;  three  sublaterals;  two  intra  alars  (first  one 
absent)  (('.etuts  Liiciliii). 

H.  Hasicosta  black. 

C'.  Palpi  yellow;  two  jiost  aerostiehals;  subcostal  sclerite  with  black  setae 

rarsiir  Linne 

CC.  Palpi  dark  brown  to  blackish;  three  post  aerostiehals;  subcostal  sclerite 

without  setae sylviiriiiii  Meigen 

HH.  Hasicosta  yellow. 

C.  Two  post  aerostiehals. 

D.  Heard  black;  parafrontals  very  narrow,  contiguous;  second  tergite 
with  post  margin  concolorous  with  rest  of  segment. 

aiislralis  'bowns.  and  iiiiicolor  'Pownsend. 
1)1).  Heard  mostly  yellow;  parafrontals  separated  by  width  of  a jiara- 
frontal;  second  tergite  with  post  margin  bluish  black. 

pilnh'i  Hough 

CC.  Three  post  aerostiehals. 

1 ).  I lyi)0{)vgium  consiiicuous;  lobes  ol  lifth  sternite  prominent,  ligulate. 


with  dense  long  hairs pnllcsrens  Shannon 

1)1).  1 lepopegium  nearly  concealed,  lobes  of  tifth  sternite  inconsj)ic'u- 
ous,  api)ressed,  with  shorter,  stiller  hairs scriiatn  Meigen 


Tiihlr  of  Friiiiilrs 

A.  Hasicosta  black. 

H.  'I'lirce  i)o.st  aerostiehals;  pali)i  dark  brown  to  black.  . . . sylviiniiii  Meigen 
HH.  I'wo  post  aerostiehals;  palpi  eellow  (cursiir).  or  brownish  icloiif^ala). 

('.  Subc-ostal  sclerite  with  small  black  setae;  post  margin  of  second  tergite 

with  weak  ai)pressed  bristles cuesar  Idnne 

CC.  Subcostal  sclerite  without  setae,  post  margin  of  second  tergite  with 
strong  erect  bristles (ioiiynln  Shannon 

*Xe:ir(  tic  Callii)li(iri(lae,  bueiliini,  Inseeutor  Inscitiae  .Menstruus.  \ ol.  XH,  X’us. 
4-6,  1024.  pp.  74. 
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AA.  Hasicostu  yellow. 

H.  'J'wo  post  acrostichals;  front  above  antennae  no  broader  than  length'’of 
third  antennal  joint. 

t'.  Beard  black;  facialia  setae  arranged  in  a single  row. 

ansirnUs  d'owns.  and  nnicolor  Towns. 


CC.  Beard  mostly  yellowish;  facialia  setae  arranged  in  several  irregular 

rows pilalci  Hough 

BB.  Three  post  acrostichals;  front  above  antennae  much  broader  than  length 
of  third  joint. 

C.  Tarafacial  broader  than  parafrontal sericata  Meigen 

CC.  Tarafacial  as  broad  as  parafrontal pallescens  Shannon 


Genus  Calliphora 

(The  Blue  Bottle  Flies) 

These  are  scavenger  flies  which  deposit  their  eggs  on  fresh  or 
decaying  meat  or  on  meat  which  has  been  cooked.  Also  on  human 
and  animal  excrement  or  in  open  wounds. 

The  thorax  is  bluish  black  but  not  lustrous;  the  abdomen  blue 
and  lustrous  with  white  changeable  spots. 

These  flies  will  come  into  the  house  seeking  food  on  which  to 
deposit  their  eggs.  The  complete  life  cycle  from  egg  to  adult  requires 
on  an  average  about  22  days;  egg  stage  about  24  hours,  larval  stage 
about  ten  days  and  pupal  stage  about  eleven  days.  Pupation  takes 
place  in  loose  earth. 

There  are  se\’eral  common  species  of  which  the  Calliphora  voini- 
ioria  and  the  Calliphora  crythrocephala  are  the  best  known. 

Genus  Cynomyia 

The  Genus  Cynomyia  has  habits  similar  to  Calliphora  and  closely 
resembles  it  but  the  abdomen  is  uniformly  shining  blue  without 
the  whitish  changeable  spots.  Cynomyia  cadaverina  Robineau- 
Desvoidy  is  a common  carrion  fly. 

Genus  Lucilia 

(The  Green  Bottle  Flies) 

These  are  also  scavenger  flies  which  deposit  their  eggs  on  fresh 
and  decaying  meat,  human  and  animal  excrement  and  in  open 
wounds. 

The  thorax  and  alxlomen  are  metallic  green  or  bluish  green  and 
lustrous,  d'he  complete  cycle  ol  development  Irom  egg  to  adult 
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requires  al)out  Iwo  weeks;  egg  stage  one  day,  larval  stage  eleven 

davs,  pupal  stage  about  twelve  days. 

Two  very  common  species  of  Lucilia  are  Lucilia  cuesar  and  Lucilia 
scricata.  The  former  has  a more  northern  distribution  than  the 
latter. 

Members  of  this  Clenus  do  not  come  into  the  house  as  frequently 
as  those  of  the  Genus  Calliphora. 

Lucilia  scricata  and  L.  caesar  have  been  called  the  “sheep  mag- 
got” dies  because  of  the  habit  of  laying  their  eggs  in  wounds  of 
sheep  or  in  the  soiled  wool  of  sheej)  es])ecially  those  having  diarrhoea. 


Genus  Phormia  and  Genus  Protophormia 

These  flies  are  also  metallic  greenish  in  coloration. 

Phormia  regina  is  not  unlike  Lucilia  in  appearance  and  habits. 
Protophormia  terraeuovac  has  a northern  distribution.  It  is  the 
common  scavenger  tlv  of  Alaska  and  also  occurs  in  Greenland  and 
Northern  Europe. 

Genus  Cochliomyia 

(The  Screw  Worm  Fly) 

(Synonym,  Pycnosoma,  Chrysomyia) 

Cochliomyia  (Chrysomyia)  macellaria  Fabricius  has  a blue-green 
body,  a vcllow  front  to  the  head  and  three  black  lines  dorsally  on 
the  thorax.  It  is  larger  than  the  common  house  fly. 

It  is  a danger  to  man  and  animals,  for  although  it  can  not  bite,  it 
mav  deposit  its  eggs  in  wounds  or  in  the  nostrils  or  ears,  attracted 
by  foul  discharges.  Sleeping  men  who  have  otfensive  catarrh  are 
especiallv  liable  to  attack  by  this  fly.  The  larvae  develop  quickly 
and  are  verv  destructive  eating  away  the  tissue  rapidly.  Gaining 
entrance  to  the  frontal  sinuses  death  may  result.  Several  hundred 
eggs  are  deposited  in  rotting  flesh,  wounds  or  in  body  cavities,  in 
the  space  of  a few  moments,  and  several  batches  may  be  laid.  Eggs 
develop  within  a few  hours  and  the  larvae  grow  to  maturity  rapidly. 
They  pupate  in  the  ground. 

This  fly  is  found  in  tropical  and  tem[)erate  North  and  South 
America.  In  the  southern  United  States  it  is  most  prevalent  from 
July  to  October  and  is  of  considerable  economic  importance  as  pest 
of  cattle,  d'he  larvae  have  twelve  segments  with  rings  of  minute 
spines. 
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'Die  common  means  of  propuf^alion  is  prol)al)ly  in  the  carcasses 
of  (lead  animals.  I’rojier  disposal  of  such  material  would  <fo  far  to 
eliminate  the  lly  in  ))laces  where  it  is  a menace. 

To  dislod.ye  them  from  the  sinuses  and  ears  chloroform  is  valuable 
used  as  a wash  of  10%  to  25%  chloroform  in  milk. 

Genus  Bengalia 

(Synonym  Ochromyia ) 

The  larva  of  this  tly  burrows  under  the  skin  ])rodueing  a lesion 
with  a central  opening  somewhat  resembling  a boil.  W hen  mature 
it  drops  out  and  pupates  in  the  ground.  Men,  monkeys  and  dogs 
may  be  affected.  Two  species,  both  African,  are  known,  Bengalia 
ant/iropopliaga  and  Bengalia  rodhaini.  d'he  lar\-a  of  the  former  is 
known  locally  as  ‘‘ver  du  C'ayor.” 

Genus  Auchmeromyia 

Anelnneromyia  Inteola  Fabricius  is  of  interest  because  its  larvae 
live  in  cracks  and  crevices  in  the  floors  of  native  huts  in  tropical  and 
subtropical  Africa,  coming  out  at  night  to  suck  the  blood  of  persons 
sleei)ing  on  or  near  the  ground.  The  larva  is  called  the  ‘‘Congo 
floor  maggot.’’  The  adult  fly  can  not  bite  although  it  may  be  a blood 
feeder,  d'he  larva  is  not  known  to  carry  disease. 

Genus  Protocalliphora 

d'hese  flies  in  the  larval  stage  are  blood-sucking  parasites  of 
nestling  birds. 

Genus  Pollenia 

Polle)iia  rudis  is  a more  or  less  common  fly  which  breeds  in  earth 
worms  as  a true  ])arasite  ot  the  lixdng  worm.  1 here  are  on  the  thora.x 
a number  ot  solt  aj^pressed  yellow  hairs  mi.xed  in  with  the  bristles. 


('iiAi' ri;R  XIII 


FAMILY  ANTHOMYIIDAE 

To  this  ianiil)-  bi'loiig  several  <^enera  known  to  he  more  or  less 
I rouhlesome  to  man.  The  arista  is  naked  or  pectinate,  the  iirst 
l)osterior  lell  is  eomi)lett“ly  open  and  abdominal  bristles  are  olten 
absent.  nre  laid  on  decaying  x’egetable  matter,  e.xcrement  or 

on  li\ing  plants  the  laiwae  develoi)ing  in  the  roots. 

Three  genera  may  be  mentioned  as  lollows; 

1.  Arista  bare lunniia  (llomalomyia) 

2.  Arista  plumose llylcmyia 

p Arista  pubesctnU llydrolcii 


Common  si)eeies  are  Faiiiiia  auiicidaris  or  ‘‘little  house  lly'’ 
and  luniiiia  sralarisor  “latrine  lly. Supertu  ially  these  Hies  resemble 
the  “house  lly’'  but  they  are  smaller  and  thi-re  are  but  three  dark 
>tri])es  on  the  thora.x  instead  of  four  as  in  Mused  donieslira.  They 
can  be  differentiated  from  each  other  as  lollows: 

I.  Sides  of  second  and  third  abdominal  segments  translucent 


_\'ellow  in  the  male eaiiicidaris 

2.  Sides  of  abdoinen  blackish,  midtibia  with  a tubercle  beyond 
the  iniddle sealaris 

d he  lar\’ae  of  lunniia  are  ])ro\id(“d  with  long  lateral  and  dorsal 
>pinous  ])roeesses  which  in  /*’.  sealaris  are  f(‘athered.  (I'ig.  50.) 


Lar\ae  o{  lunuiia  eaiiienlaris  have  beim  ])assed  from  the  intestines 
ol  man,  and  larvae  n\  Fainiia  sf<daris  ha\'e  beam  passeal  in  the  uriiua 
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Anthomyia  radicum  a root  ma<;"oL  lly  of  Europe  has  also  been  the 
cause  of  intestinal  myiasis.  Because  of  the  habit  of  developing  with- 
in roots  it  is  likely  that  such  larvae  are  frecpiently  taken  into  the  ali- 
mentary tract  of  man  when  vegetable  roots  such  as  radishes  are  con- 
sumed in  the  raw  state.  In  the  United  States  two  of  the  common 
root  maggot  flies  arc  the  cabbage  root  maggot  (Ilylemyia  hrassicae) 
and  the  onion  maggot  {Ilylemyia  antiqua). 

Hydrotea  meteoriea  Linnaeus  attacks  the  eyes  and  nostrils  of 
animals  and  man. 


CHAP  PER  XIV 


I . 


2. 


KEY  TO  THE  LARVAE  CAUSING  MYIASES  (ADAPTED 

FROM  BANKS)* 

liody  with  spinous  or  lleshy  processes  laterally  and  dorsally  or  terminal  2 

Body  without  spinous  or  Heshy  processes 3 

Body  with  long  lateral  and  dorsal  spinous  processes.  . . .Fannia  {Homalomyia.) 

Body  with  long  tail-like  process Erislalis. 

Body  ending  in  two  small  tleshy  processes,  rather  small  species,  the  processes 

bearing  the  stigmal  plates,  body  about  5 mm.  long Drosophila. 

Same  but  processes  not  bearing  the  stigmal  plates,  body  about  10  mm.  long. 

Piophila. 

3.  Body  robust,  ovate,  cylindrical,  rounded  at  ends,  slightly  depressed,  or  body 

pyriform Oestridae. 

Body  truncate  broadly  rounded  at  one  end  and  tapering  at  the  other  (head) 

end 

4.  But  one  great  hook,  posterior  stigmal  plates  with  winding  slits;  no  distinct 

lateral  fusiform  areas,  tip  of  body  Avith  few  if  any  conical  processes. 

Muscinae 

With  two  great  hooks;  slits  in  the  stigmal  plates  not  sinuous 5 

5 No  tubercles  about  anal  area;  no  distinct  processes  around  stigmal  field 6 

Distinct  tubercles  above  anal  area;  often  process  around  stigmal  field;  lateral 
fusiform  areas  usually  distinct 7 

6.  Stigmal  plates  on  black  tubercles,  lateral  fusiform  areas  distinct.  .Ortalidae 
Stigmal  plates  barely  if  at  all  elevated,  lateral  fusiform  area  indistinct,  stigmal 

plates  often  contiguous  or  nearly  so;  slits  long  and  subparallel.  . Trypetidae 

7.  Slits  in  Stigmal  plates  rather  short  and  arranged  radiately S 

Slits  slender  and  subparallel  to  each  other 9 

5.  Two  tubercles  above  anal  area;  stigmal  field  with  distinct  lleshy  tubercles 

around  it Anthomyiidae  (e.xcept  Faiinia) 

Four  or  more  tubercles  aijove  anal  area;  slits  of  stigmal  plates  usually 

pointed  at  one  end Muscina 

9.  button  to  each  stigmal  plate;  slits  rather  transverse  to  body.  . Calliphoridae 
No  button  to  stigmal  plates;  slits  of  one  i)latc  subj)arallel  to  those  in  opposite 
plate;  plates  at  bottom  of  a [)it Sarcophagidae 


*Tlie  .Structure  of  Certain  I tipterous  Larvae  with  Particular  Reference  to  Those  in 
Human  Food  I)y  Nathan  Banks,  1912,  U.  S.  Department  of  .Vgriculture,  Bureau  of 
J'.ntomology.  Technical  Series  No.  23. 
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Fk;.  t-’.  -StiKmal  plates  of  (i)  Musca  (Inmeslicu;  (2)  .Sunophagu;  (3)  Sloinoxys 
i iilcilniiis;  (4)  A uchincritmyia  luteola;  (5)  lieuj’tilia  aulltropophtifni;  (6)  CaUipJmra. 
(4  ami  s are  from  Stitt  and  arc  drawn  to  a smaller  scale  than  the  others;  only  one  plate 
is  shown.) 


CllAP  rKK  X\' 


SUBORDER  PUPIPARA 

To  this  Sul)orcliT  hclonit;  certain  more  or  lc>s  (lcft;cncratc  l)looil 
suckinti  Dijitcra  with  the  body  depressed  dorso-ventrally;  the  ])ro- 
l)oseis  is  eoneealed,  the  antennae  are  reduced;  the  wintt:s  are  present 
or  at)sent  whc-n  present  they  may  be  dro])ped  or  very  rudimentary ; 
the  leys  are  armed  with  stout  claws  and  the  inteyument  is  leather}. 
Additional  claws  are  often  ])resent.  d'he  females  do  not  deposit 
eyys  but  extrude  a larva  so  far  developed  that  it  becomes  a ])U]ia  in  a 
short  time.  Some'  are  ]iarasitic  on  birds  and  bats,  some,  the  IIip[)o- 
boseidae,  are  parasitic  on  domestic  and  other  animals.  very 
tamiliar  e.xample  of  the  parasite  on  a domestic  animal  is  the  socalled 
sheep  “tick”  or  "louse,"  Mclophagus  ovinus  Linnaeus  which  is  a 
winyless  tlv  almost  as  dependent  on  its  host  as  a louse.  An  example 
of  a winj^ed  Hippoboscid  is  Ilippohoscd  ccjuiiui  Linnaeus  the  forest 
tlv  or  horse  tick  as  it  is  sometimes  called  although  it  is  not  a tick  at  all. 
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CHAPTER  X\T 


ORDER  SIPHONAPTERA 

(Fleas) 

Fleas  are  insects  belonging  to  the  Order  Siphonaptera.  They  are 
wingless  and  flattened  laterally  (compressed).  The  mouth  parts 
are  adapted  to  piercing  the  skin  and  sucking  blood.  The 
antennae  are  three-jointed  and  are  carried  in  a groove  on  either  side 
of  the  head;  eyes  are  simple  sometimes  absent  or  vestigial.  The 
metamorphosis  is  complete  there  being  four  distinct  stages  of 
development,  egg,  larva,  pupa  and  adult  (imago). 

Fleas  are  found  on  warm  blooded  animals  and  birds  and  in  their 
nests.  With  certain  e.xceptions  each  animal  has  its  own  particular 
species  of  flea,  which  will  only  seek  the  blood  of  another  species  of 
animal  when  compelled  by  necessity.  Adult  fleas  subsist  on  blood 
and  both  the  males  and  females  bite.  The  insect  infests  its  host 
for  the  purpose  of  feeding.  Copulation  may  also  occur  on  the  host. 
The  eggs  develop  in  the  nest,  not  on  the  animal,  and  much  of  the 
life  history  takes  jflace  in  the  nest  where  temperature  and  humidity 
conditions  are  particularly  suited  to  complete  development. 

Adult  Anatomy.  (Fig.  53  and  Fig.  54). — Like  all  insects  the  body 
of  a flea  is  divided  into  a head,  thorax  and  abdomen. 

The  Head. — The  head  is  divided  by  the  antennal  grooves  into  an 
anterior  and  a posterior  portion  known  as  the  j'rons  and  occiput 
respectively.  The  lateral  lower  portion  of  the  head  beneath  the 
eye  and  extending  from  the  anterior  angle  of  the  head  to  the  antennal 
groove,  is  known  as  the  gena  and  its  prolongation  backwards  as  the 
genal  process.  This  process  may  extend  so  far  backwards  as  to 
meet  the  occiput  thus  closing  off  the  antennal  grot)ve,  or  it  may  be 
short  and  widely  separated  from  the  occiput  thus  leaving  the  anten- 
nal groove  open  behind. 

The  frons  may  be  notched  or  luberculated  in  front  forming  the 
so  called  frontal  notch  or  tubercle. 

d'he  antennae,  two  in  number,  one  on  each  side,  lie  when  at  rest 
in  the  antennal  grooves.  They  arc  capable  of  being  erected  and  are 
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divided  into  three  ixirts,  the  distal  i)art  or  club  having  nine*  segments. 
In  some  species  this  segmentation  does  not  e.xtend  completely  around 
the  clul). 

Just  posterior  to  the  anterior  inferior  angle  of  the  head  arises  a 
pair  of  four-jointed  ma.xillary  palpi  and  posterior  to  them,  one  on 


Lateral  portion  of 
8tli  abdominal  segment 
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of  cla.spcrc.. 
N'on-movable  process 
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each  side  are  the  ma.xillae,-  triangular  shajfcd  chitinous  processes 
which  serve  as  a protection  to  the  perioral  ring  located  between 
them  and  through  which  jfroject  the  mouth  ])arts  having  their 
movable  articulations  attached  to  its  borders. 
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Fig.  53. — The  external  anatomy  of  a male  flea. 
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The  moulli  purts  consist  of  an  cpi  pharynx  [labriim-c  pi  pharynx) , 
Iw’o  mandibles,  a labium  and  two  labial  palpi  (labcllae).  Idle  lal)ial 
l)alpi  serve  as  a sheath  to  ])roteet  the  e])i])harynx  and  mandiljles 
which  are  the  lrucd)itinff  organs.  'J’hey  arise  from  a common  basal 
joint  (the  labium)  which  is  attached  to  the  posterior  margin  of  the 
perioral  ring.  They  are  segmented,  normally  having  five  ])seudo- 
joints,  l)ut  the  number  of  segments  varies  with  the  s{)ecies.  d’he 
labium  and  labial  palpi  taken  together  form  the  roslrnm. 

'I'he  cpi  pharynx  or  pricker  is  a slender,  hollo\v  organ,  stylet  shaj)ed 
at  its  distal  extremity.  It  has  an  anterior  and  posterior  surface  and 
has  at  its  margins  delicate  exj)ansions  which  interlock  with  similar 
expansions  on  the  mandibles  to  form  the  blood  canal.  The  distal, 
stylet-like  end  is  closed  but  the  hollow  interior  communicates  proxi- 
mally  with  the  hoemocoele.  The  epipharynx  is  continuous  with 
the  anterior  \vall  of  the  buccal  cavity  and  the  dorsal  wall  of  the 
aspiratory  pharynx. 

The  mandibles  are  triangular  on  section  and  have  their  distal 
ends  serrated.  Each  is  grooved  on  its  inner  surface  so  that  when 
apposed  a canal  is  formed  which  connects  with  the  salivary  pump. 
This  is  the  salivary  canal.  The  mandibles  are  connected  just  within 
the  head  to  the  lateral  margins  of  the  perioral  ring,  through  the 
mandibulo-basal  articulations.  Thus  a joint  is  formed  giving  them 
an  up  and  down  movement  and  bringing  into  play  the  saM’-like  action 
(jf  their  serrations. 

Alimentary  Tract.  (Fig.  54).-  Within  the  head,  above  the  inser- 
tion of  the  mandibles  is  the  buccal  cavity.  Its  posterior  wall  is 
thickened  and  represents  the  hy  pa  pharynx . I his  is  concave  ven- 
trallv  and  serves  as  an  attachment  for  the  muscles  which  operate 
the  salivary  pumj). 

Just  above  the  hypopharynx,  and  connecting  it  to  the  aspiratory 
pharvnx,  is  a thinning  and  reduplication  of  the  lining  chitinous 
membrane,  which  serves  as  a valve.  Here  begins  the  aspiratory 
pharynx  which  leads  into  the  oesophagus  at  the  oesophageal  ca)m- 
missure  of  the  large  ner\'e  ganglion  (brain)  in  the  head.  1 he 
muscles  oj)erating  the  as])iratory  pharynx  draw  it  o])en  aspiiating 
the  blood  Irom  the  wound  in  the  skin.  When  these  mustles  lelax 
from  before  backward,  the  ])harynx  collapses  by  reason  ot  the 
elastic  properties  ol  thitin  and  the  blood  is  lorced  thiough  the 
oeso])hagus  and  gizzard  into  the  stomach.  1 he  muscles  ha\e  theii 
origins  from  the  inner  surface  ol  the  dorsal  wall  ol  tin-  head. 


('•KDl'.K  SIIMION  \l>ri;K  \ 


Atxlomin.'il  ('ariRlia 

Fat  cells  ' 

Fl(.,  54. — Tlic  internal  anatomy  ol  a Icmalc  flea 


INSECTS  AND  DISEASE  OF  MAN 


1 16 


'Phc  oesD])hagus  opens  into  the  stomach  tlirough  the  gizzard 
(proventriculus).  This  is  jirovided  with  a number  of  chitinous 
linger-like  processes  which  when  apposed  form  a tight  valve  prevent- 
ing regurgitation  from  the  stomach.  The  stomach  is  capable  of 
great  distension  and  active  peristaltic  movement.  It  is  not  lined 
with  chitin.  It  emjities  into  a short  intestine  which  in  turn  empties 
into  the  rectum.  The  intestine  receives  the  excretions  from  the 
Mai pighian  tubules.  The  rectum  is  pro\-ided  with  the  so-called 
rectal  glands  the  function  of  which  is  unknown. 

The  salivary  glands,  four  in  number,  lie  two  on  each  side  of  the 
anterior  end  of  the  stomach,  d'hey  are  simple  ascinous  glands  and 
their  ducts  unite  into  two  main  ducts  which  emjity  into  the  salivary 
pump  in  the  head.  The  ducts  are  lined  with  cliitin  spirally  arranged. 

The  Thorax.—  The  three  thoracic  segments  are  known  as  the 
pro,  meso  and  metatlwra.x.  Each  is  formed  of  a dorsal  portion  the 
notum  or  tergite,  and  a ventral  jiortion,  the  sternite.  The  jirosternite 
is  undivided  but  the  lateral  portions  of  the  meso-  and  metasternite 
are  divided  by  an  internal  rod-like  thickening  of  the  chitin  extending 
upward  from  the  insertion  of  the  coxa,  into  an  anterior  and  a posterior 
part,  the  sternal  and  the  meral  portion  or  epimerum.  The  sternal 
portion  is  further  divided  into  a lower  part  the  sternum  and  an 
upper  ])art,  the  episternum.  The  epimerum  of  the  metathorax  is 
broad,  overlapping  the  abdomen  and  supplanting  the  sternite  of 
the  first  abdominal  segment.  There  is  a breathing  spiracle  on  both 
sides  of  each  thoracic  segment  the  third  being  located  at  the  upper 
edge  of  the  metathoracic  epimerum. 

The  Abdomen. — The  abdomen  is  made  up  of  ten  segments. 
Each  consists  of  a dorsal  portion  or  tergite  and  a ventral  portion  or 
sternite.  On  each  side  of  abdominal  segments  2 to  7 is  a breathing 
spiracle,  located  in  the  pleural  membrane  connecting  the  tergite 
with  the  sternite. 

The  seventh  tergite  usually  has  on  or  near  its  ajiical  margin 
(dorsally)  on  each  side,  one  or  more  stout  bristles  sometimes  arising 
from  a cone-like  jirocess.  These  are  known  as  the  ante pygidial 
bristles.  Posterior  to  them  is  a sensory  organ  known  as  the  sensory 
plate  or  pvgidium.  It  is  present  in  both  males  and  females  and  its 
function  is  unknown.  It  is  carried  on  the  dorsal  iiorlion  of  the 
ninth  tergite.  It  is  sej)arated  from  the  seventh  tergite  by  the  dorsal 
j)art  of  the  eighth  tergite  which  contains  the  eighth  or  last  breathing 
sjiiracle.  The  lateral  jiortion  of  the  eighth  tergite  is  expanded  on 
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oacli  side  into  a broad  lobe  which  in  tlie  I'emale  conceals  tlie  ninth 
segment  in  relation  to  the  j^enital  orifice. 

'I'he  clas])ine:  orunins  of  the  male  wdiich  arc  developed  from  the 
ninth  abdominal  sepniient  are  characteristic  ot  the  siiecies  and  are 
therefore  of  great  taxonomic  value,  d'hev  are  divided  into  the 
upper  and  loicer  cla.spcrs.  In  general  the  ujiper  claspers,  which  are 
evolved  from  the  gth.  tergite,  consist  of  a pair  of  movable  processes 
each  articulated  to  a more  or  less  broad  irregularly  shajied  i>late.  d he 
jdate  consists  of  a body  and  a long  process  extending  caudoventrad 
and  known  as  the  mauuhrium.  Above  and  anterior  to  the  insertion  of 
the  movable  finger  or  exjiodite,  the  liody  is  usually  prolonged  into  a 
more  or  less  cone-like  process  (sometimes  two)  which  may  be  termed 
the  immovable  process.  In  some  species,  there  may  be  two  or  more 
movable  processes,  as  in  Pulc.x  irriiaus  in  which  the  chisjiers  resemble 
a pair  of  jiincers  covered  by  a hairy  movable  flap;  or,  as  in  Xenopsylla 
where  there  are  three  processes,  two  movable  and  one  immovable. 
These  correspond  to  the  jaws  of  the  pincers  and  the  flap  of  P.  irritans. 
The  loivcr  clasper  is  evolved  from  the  gth.  sternite.  In  general  it 
has  the  shajie  of  a boomerang  on  side  view.  It  is  made  up  of  an 
external  horizontal  arm  and  an  internal  vertical  arm.  The  latter 
extends  upward  to  the  base  of  the  manubrium  lying  on  its  outer  side. 
The  horizontal  arm  may  jiroject  distally  from  the  end  of  the  abdomen 
and  is  sometimes  fused  with  its  fellow  of  the  opposite  side.  It  is 
between  the  upjier  and  lower  claspers  that  the  male  organ  is  pro- 
jected during  the  act  of  cojiulation. 

'J'he  vulva  of  the  female  is  also  found  between  the  gth.  tergite 
above  and  the  gth.  sternite  below.  The  anus  in  both  sexes  is  found 
between  fhe  loth.  tergite  and  the  loth.  sternite.  The  latter  are 
seen  as  two  small  Haps  jiosterior  to  the  jyvgidium.  The  ujijier  flap 
or  loth.  tergite  of  the  female  has  a small  bristled  process  known  as 
the  style. 

In  the  female  certain  of  the  accessory  organs  of  rejiroduction 
are,  in  shape,  as  characteristic  of  the  sjiecies  as  are  the  clasjflng 
organs  in  the  male,  d'his  is  especially  true  of  the  s pcrmalhcca  or 
rece placulum  soninis  which  is  the  resevoir  in  which  the  sjiermatozoa 
are  stored  until  the  egg  is  in  a ])osition  to  be  fertilized  as  it  jiasses 
down  the  egg  canal,  d'he  spermalheca  is  readily  recognized  as  a 
highly  chitinized  organ  located  in  the  jiosterior  jiart  of  the  abdomen. 
It  is  made  u])  of  a body  and  a tail,  d'he  body  connects  by  an  elon- 
gated, tortuous  lube,  the  ductus  receptaculi  seminis,  to  the  bursa 
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CO pultilri.w  whic  h in  lurn  opens  into  llie  x’aftina.  Just  posterior  to 
this  openinjj;  are  the  collctcrial  ^huuLs  wliieh  l)y  their  secretion  give 
hardness  to  the  egg. 

Legs.  The  Ilea,  as  other  insects,  has  three  pairs  of  legs. 
'Idle  hind  legs  are  noticeably  the  largest.  Mach  is  composed  of  a 
c oxa,  trochanter,  femur,  tibia  and  a live-segmented  tarsus,  the  last 
tarsal  segment  terminating  in  a ])air  of  claws. 

hdeas  are  jirovided  with  sjiines,  or  sjiinelets  and  setae  (bristles  or 
hairs),  ddiey  vary  in  number  and  arrangement  and  are  important 
structures  in  identification,  d'he  sjiines  are  freciuently  disposed  so 
as  to  form  a ctenidium  or  comb  on  the  head,  thorax  or  abdomen. 

The  Egg.-  'Idle  egg  is  a tiny,  elongated,  white,  glistening  body, 
viscous  or  dry  depending  on  the  species.  Hlood  seems  to  be  neces- 


Fi<;.  55. — A flea  larva  {CUnoce phalns  cniiis). 


sarv  liefore  o\'iposition  can  take  place.  Blood  of  the  normal  host 
seems  to  lie  most  conducive  to  egg  laying.  Fligh  temperatures  as 
body  teniiierature  prevent  hatching;  low  tem]ieratures  either 
delay  or  ])revent  it.  ddie  length  of  time  re(|uired  to  hatch  theretore 
varies  with  the  temjierature  as  well  as  with  the  humidity  and  there- 
fore varies  under  dillerent  climatic  conditions.  Observers  in  India 
found  that  the  incubation  jieriod  for  eggs  ot  the  Indian  rat  Ilea 
was  2 days.  In  San  Trancisco,  C alifornia,  it  was  found  to  be  q 
to  I,-;  days  at  room  teni])erature.  In  the  same  jilace  and  under 
>iniilar  conditions  it  was  lound  that  the  eggs  ol  the  human  ilea  took 
6 days  to  hatch,  eggs  ol  the  dog  Ilea  about  4 days,  eggs  ot  the  ( ali- 
fornia  ground  s(|uirrel  Ilea  7 to  8 days  and  ol  the  Turopean  rat 
Ilea  5 to  6 days. 

Larva,  d ig-  I hir\  a emerges  Irom  the  egg  by  making  a 

circle  of  gashes  in  the  egg  shell  with  a wc'dge-shaped  liorn\-  structure 
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on  its  licad.  I'lu'  lar\'a  is  a slender,  lefj;less,  worm-like  creature  witli 
masticatory  mouth  jiarts.  Larc'al  Ihais  leed  on  t!u“  organic  matter 
in  the  dust  of  the  tloors,  carpets,  etc.  or  in  the  nest  ul  the  animal. 
.\n  im]>ortant  source  of  food  supply  seems  to  he  the  e.xcreta  ol 
adult  tleas. 

Pupa.  After  a period  varying  from  one  to  lour  weeks  durinji; 
which  time  it  underejoes  thri'e  moultiipys,  the  larva  s])ins  a cocoon 
and  becomes  a (juiescent  ]mpa,  which  in  from  one  to  lour  weeks 
becomes  the  fullv  yrown  and  full\'  de\'c‘lo])ed  adult  lli-a. 

('LAS.SIPICA'I'IO.V 

The  Order  Si{)hona])tera  is  divided  into  two  Suborders,-  the 
k'raeticipita  and  the  Integricii)ita.  In  the  Suborder  Fracticipita 
(Figs.  56  and  57)  the  frons  and  occii)Ut  are  se])arated  dorsalh-  by 


a sulcus  through  the  chitinous  envelo])e  ol  the  head,  e.xtending  Irom 
the  top  of  the  antennal  groove  of  one  side,  across  the  xertex  to  the 
antennal  groove  of  the  other  side.  A joint  is  thus  lormed  which 
p(‘rmits  of  some  motion  between  the  frons  and  occi])Ut,  the  lormer 
overlai)ping  tlie  latter  abox’e.  The  antennal  groox’e  is  a i)art  of  the 
occij)Ut  and  its  thickened  posterior  inargin  after  eontouring  the 
groove  above  turns  abru])tly  towards  the  x'erle.x. 

In  the  Suborder  Integrii  ii)ita  (k'igs.  ()  1 and  (>5)  the  frons  and 
oeciput  have  fused  together,  the  liiu“  of  union  or  suture  being  often 
visible  as  a chitinous  thickening  extending  to  the  lop  of  the  head. 
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Tliis  thickening  is  known  as  the  jalx.  The  anterior  and  posterior 
margins  of  the  antennal  groove  have  also  coalesced  above. 

There  are  certain  genera  which  seem  to  represent  a transitional 
stage  (connecting  link)  between  the  two  groups, — from  the  Fracticipita 
to  the  Integricipita — the  former  being  the  primitive  form.  Fusion 
between  the  frons  and  occiput  has  progressed  to  a more  or  less 
degree  and  the  joint  is  vestigial.  Under  such  circumstances  there 
might  be  a difference  of  opinion  as  to  which  group  a given  specimen 
should  be  assigned  so  that  in  using  the  following  key  it  would  be 
well  to  try  both  Suborders  when  one  has  failed  to  produce  results. 

The  Order  is  also  subdivided  into  a number  of  families,  including 
Tungidae,  Pulicidae,  Ceratophyllidae,  Leptopsyllidae,  Hystricho- 
psyllidae,  etc. 


Key  to  the  Genera  of  the  Siphonaptera 

1.  Frons  and  occiput  separated  above  by  a sulcus  e.xtending  from  the  top 

of  the  antennal  groove  of  one  side,  across  the  vertex  to  the  antennal 
groove  of  the  other  side;  anterior  and  posterior  margins  of  antennal 
groove  not  fused  above  the  root  of  first  antennal  segment;  lateral  apical 
spines  or  spinelets  often  present  on  some  of  the  abdominal  segments, 

extending  to  or  almost  to  the  stigmata (Suborder  Fracticipita) . .46 

Frons  and  occiput  not  separated  by  a sulcus;  falx  often  present;  anterior 
and  posterior  margins  of  antennal  groove  fused  above  root  of  first  antennal 
segment;  apical  spines  never  present,  apical  spinelets  when  present 
usually  dorsal  rarely  extending  to  the  stigmata  (Suborder  Integricipita). . . 2 

2.  The  three  thoracical  tergites  together  always  shorter  than  the  first  abdominal 

tergite;  no  comb  present;  the  rostrum  consists  of  three,  or  fewer,  feebly 
chitinized  segments;  genal  edge  of  head  in  all  cases  produced  downwards 
into  a triangular  lobe  situated  behind  the  mouth  parts 3 
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riioracical  torgilcs  toficther  longer  than  the  lirst  abdoininal  tcrgile;  coml)s 
of  spines  frequently  present;  rostrum  more  or  less  strongly  cliitinizcd, 
consisting  of  four  or  more  segments  (rarely  less);  lower  edge  of  head  rarely 


jrroducctl  into  a triangular  lobe  behind  the  mouth  parts 5 

p Hind  coxa  without  a patch  of  spinclets  on  the  inner  side 4 


Hind  coxa  with  a patch  of  spinclets  on  the  inner  side  (Fig.  59). 

* Kchidnophaga  Olliff  (18S6)  {ambulans)^ 

4.  Hind  femur  simide  without  a large  tooth-like  projection  near  the  base 

(Page  140) * 'fniiga  Jarocki  (iS.pS)  (pcnelrans) 

Hind  femur  with  a large  tooth-like  projection  near  the  base. 

* llectopsylla  h'raucnfeldt  (1S60)  (psittoci) 

V Abdominal  tergites  two  to  seven  with  but  one  row  of  bristles 6 

Abdominal  tergites  two  to  seven  with  at  least  two  rows  of  bristles 22 

6.  With  a row  or  patch  of  spinclets  on  inner  side  of  hind  coxa;  antepygidial 
bristles  one  on  each  side;  four  (rarely  three)  pairs  of  lateral  plantar  bristles 

on  fifth  tarsal  segment  of  all  legs 7 

Without  a row  or  patch  of  spinclets  on  inner  side  of  hind  coxa 18 


7.  Eye  absent Rooscvclliclld  box  (1914)  [georyclii) 

Eye  present 8 

8.  Xo  pronotal  comb 9 


Proiiotal  comb  present,  of  few  or  numerous  teeth 14 

9.  Anterior  angle  of  genal  edge  produced  into  a lobe 10 

Anterior  angle  of  genal  edge  not  produced  into  a lobe n 

10.  Erons  with  very  small  frontal  tubercle  near  the  vertex;  anterior  angle  of 

genal  edge  of  head  produced  downwards  into  a triangular  lobe;  pronotum 

shorter  than  metanotum d/oeo/>xy//a  Rothsch.  (190S)  {sjoestedti) 

Erons  without  tubercle;  anterior  angle  of  genal  edge  of  head  produced 
backwards  into  a triangular  lobe;  pronotum  longer  than  metanotum. 

Parifldonih  Rothsch.  (iqo8)  {riggenhachi) 

11.  Mesosternitc  very  narrow,  with  but  one  internal  rod-like  incrassation  which 

extends  from  the  insertion  of  the  coxa  forward  to  the  anterior  border 

(Eig.  60) * Piilcx  Linnaeus  (1758)  (irritiDis) 

Mesosternitc  with  two  internal  rod-like  incrassations,  one  extending  from 
the  insertion  of  the  coxa  forwards  and  one  extending  upwards 12 

12.  Frontal  tubercle  present;  frons  strongly  angulate  in  male  more  evenly 

rounded  in  female Oriiil/iopsylla  Rothsch.  (1908)  {lacliliae) 

Xo  frontal  tubercle;  frons  not  angulate,  strongly  rounded  in  both  sexes.  . 13 

13.  Fifth  tarsal  segment  of  all  legs  with  three  pairs  of  lateral  plantar  bristles; 

club  of  antenna  plainly  segmented  all  around. 

Aclenopsylla  J.  & R.  (1923)  (suavis) 
Fifth  tarsal  segment  of  aU  legs  with  four  pairs  of  lateral  plantar  bristles; 
club  of  antenna  distinctly  segmented  only  on  hind  side  (Fig.  61). 

* XcHOpsylla  Glink.  (1907)  (clieopis) 

* A star  in  front  of  the  generic  name  indicates  that  the  genus  is  found  in  the  New 
World. 

t The  specific  name  following  the  date  is  the  type  of  the  genus. 
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14.  W ill)  a conil)  of  spines  on  the  i)ronotnm  only  f)4^- 

* lloplopsylliis  Haker  (igo^)  ((iiionuilus) 


With  a conil)  of  spines  on  the  pronolum  and  the  jjena 15 

15.  Sjiines  in  genal  eomh  numerous  (more  than  three) 16 


S|)ines  in  fjenal  eoml)  reilitced  to  three  or  less;  pronotal  eoml)  tilso  reduced. 

Arclnicopsylla  l)am[)f  (i()o8)  Icrinacci) 

16.  (ienal  comlj  running  horizontally  along  lower  border  of  gena;  teeth  of  comb 

consisting  of  about  seven  rather  long,  pointefl  spines  (Fig.  63). 

* Clciioccp/idlns  Kolcnati  (icS^g)  (cdiiis) 
(ienal  comb  running  across  gena  obliquely 17 

17.  Mandibles  large,  strongly  serrated;  irons  tending  to  be  obtusely  angled  in 

front * Spilopsylltis  Haker  (1905)  (leporis) 

Mandibles  not  enlarged;  frons  rounded. 

Xcsoldyohiiis  J.  & R.  (19:2.2)  (cdlldsiis) 

iS.  Pronotal  comb  present ig 

Pronotal  comb  absent 20 

19.  Labial  palpus  of  five  segments,  the  last  segment  very  long,  slightly  curved 

at  the  apex,  much  more  prodttced  posteriorly  than  anteriorly 

* Meydi't/iroglossus  J.  & R.  (1915)  (procus) 
Labial  palpus  of  lour  segments,  not  as  above;  second  segment  of  antenna 
widened  on  outside,  covering  one-third  of  the  club 

*Cdllistopsylliis  ].  & R.  (1915)  {tcriiius) 

20.  Eyes  absent;  fifth  hindtarsal  segment  with  four  pairs  of  lateral  plantar 

bristles;  one  antepygidial  bristle  on  each  side;  vestiture  of  body  greatly 


reduced * AnomiopsyUiis  Baker  (1904)  {nuddtus) 

Eyes  present ^ i 


2 I.  Frons  with  a tooth-like  tubercle;  antennal  groove  closed  behind;  antepygidial 
bristles  absent  in  both  sexes;  fifth  tarsal  segment  of  all  legs  with  six 
(rarely  live)  pairs  of  lateral  plantar  bristles. 

Lycopsylld  Rothsch.  (1904)  (novus) 
Frons  truncate  with  no  distinct  frontal  tubercle;  antennal  groove  open 
behind;  antepygidial  bristles  two  on  each  side,  a long  and  a short  one; 
fifth  tarsal  segment  of  all  legs  with  live  pairs  of  lateral  plantar  bristles; 
two  receptacula  seminis;  claws  of  tarsi  with  basal  tooth. 

Coplopsylld  Rothsch.  (igoS)  (Id incl lifer) 

22.  (ienal  comb  present -d 

(iemd  comb  absent -9 

23.  Eye  present  but  not  always  strongly  pigmented;  spines  of  genal  comb  two 

either  parallel  or  crossing  each  other 27 

Eye  tibsenl  or  vestigial;  s[)ines  ol  genal  comb  three  (rarely  two)  or  liveor 
six  in  number -d 

24.  .Melasternite  not  divided;  3 spines  in  genal  comb,  the  third  one  pale  and 

ov'erlap|)ing  the  second;  a small  ilea. 

* Mieropsylld  1).  & P.  (1923)  (pcroniysciis) 

Mi'ttislernite  normall_\’  di\’ided;  none  ol  the  genal  spines  ow'rhqiping, 
labial  jialpus  with  a curved  bristle  jiosteriorK'  near  the  tip 23 
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:>5.  Spines  oi  m-nal  conil)  tliree  (rarely  2);  liilli  hind  larsal  se^inent  willi  three 
pairs  of  lateral  phmlar  hrislles  tind  a fourth  ptiir  on  the  ventrtil  surlaee 
in  between  the  lirst  lateral  i)iiir  (raia'ly  four  i)aii>  ol  latertil  bristles). 

* Cli'iioplitlidluiiis  KoK'iiati  (iS^t))  {bisottotliiihiliis) 

Spines  of  {^enal  eoinh  li\'e 

2b.  Idfth  tarsal  sefiimait  of  ;dl  le^s  with  four  pairs  of  lateral  phinttir  bristles. 

* Rhadhiopsylln  J.  & 1\.  (1012)  inuisdilnua) 
Idfth  tarstd  segment  of  till  legs  with  si.\  |)airs  of  lateral  |)lanl;tr  bristles. 

* .\(  loioplitlialiuiis  l'’ox  (1025)  (liciscri) 
2~ . (ienal  spines  two  erossitig  etieh  other;  lifth  tarsal  segment  ol  all  legs  with  tour 
l)airs  of  lateral  ])hint;ir  bristles;  ant epygiditd  bristles  one  on  etieh  sidi'. 

Cliidslop.'iv/lii  kothseh.  (1010)  {iiuin  ir) 

Clentd  sjiines  two  jitirtillel  to  etieh  other 2S 

2S.  Bristles  on  posterior  border  of  tibiae  mostly  unpaired,  numerous,  forming 
a kind  of  eomb;  spines  in  pronoltil  eomb  dellected;  pronotum  mueh  wider 

above  than  at  the  sides Curiiopsylhi  Rothseh.  (loog)  {mira) 

Bristles  on  posterior  border  of  the  tibiae  mostly  in  pairs;  s]nnes  ol  pronotal 
comb  not  dellected;  blunt;  eye  large;  tipieal  margin  of  [ironotum  ineurved. 

M csopsylla  l)am])f  (igio)  {rmld) 

2y.  With  a row  or  pateh  of  spinelets  on  inner  side  ol  hind  eo.xa .to 

Without  a row  or  patch  of  spinelets  on  inner  side  of  hind  coxa ,ti 

30.  Without  oblique  rows  of  bristles  on  occiput;  eye  present;  hfth  tarsal  article 

of  all  legs  with  five  pairs  of  lateral  iilantar  bristles. 

* Odonlopsyllus  Baker  (11)03)  {lunllispinosiis) 
With  oblique  rows  of  bristles  on  occiput;  eye  vestigial;  fifth  article  of  lore 
and  mid-tarsus  with  four  pairs  of  lateral  plantar  bristles  and  a proximal 
ventral  iKiir  in  between  the  first  lateral  pair,  fifth  tarsal  segment  of  hind 
leg  with  four  pairs  of  lateral  plantar  bristles,  the  ventral  pair  hieing 
absent  or  represented  at  the  most  by  one  bristle. 

* Cdidl/dgid  Rothseh.  (1013)  icItdrlollciLsis) 

31.  fifth  tarsal  article  broadly  dilated  and  lengthened  beyond  the  fourth  pair 

of  lateral  spines  where  on  each  side  there  is  a hair,  a bristle  and  a hair, 
there  is  also  a jiair  of  subapical  bristles;  fifth  tarsal  segment  of  tore  leg 
as  long  as  rest  of  tarsus;  on  all  legs  the  claws  are  nearly  as  long  as  the  tilth 
segment;  fore  coxa  nearly  nude  with  but  lew  long  liristles;  fore  tibia  armed 
on  posterior  border  with  a few  large  black  tooth-like  bristles  or  a lew 

heavy  brislles * M tihuopsylld  Weyeiibergh  ( iSSi)  {oro.'i.sivrutris) 

l.egs  not  as  above 

32.  Frontal  notch  or  tubercle  present;  with  or  without  eye 33 

Xo  distinct  frontal  notch  or  tubercle;  eye  preseni 41 

.tt.  Fifth  tarsal  segment  of  all  legs  with  four  pairs  of  lateral  plantar  bristles, 
never  with  a jiair  of  jiroximal  ventral  bristles;  antepygidial  bristles  o or 

1;  no  pronotal  comb;  eye  [iresenl 34 

Fifth  tarsal  article  of  all.  or  at  least  some  of  the  legs,  with  live  pairs  of  plantar 
brist les.  all  lateral,  or  four  lat eral  and  a proxima  I ventral  pair  37 
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Fiflh  larsal  segment  of  all  legs  with  six  pairs  of  lateral  plantar  bristles  all 
in  line  excei)t  the  third  pair  which  is  dislocated  towards  the  median  line; 
pronotal  comb  present;  one  antepygidial  bristle  on  each  side. 

* Dasypsyllus  Baker  (1905)  (perpinnatus) 

34.  Antepygidial  bristles  none;  an  eye  row  of  four  or  five  long  bristles;  claspers 

broad  and  deep,  disc-like;  species  usually  very  hairy 35 

Antepygidial  bristles  one  on  each  side;  an  eye  row  of  three  bristles  or  less; 
clasi)ers  large,  triangular;  species  not  especially  hairy 36 

35.  Club  of  antenna  short,  symmetrical,  not  much  longer  than  broad;  labial 

palpus  of  about  eleven  segments;  body  of  pregnant  female  elongate. 

Vermipsylla  Schimk  (1885)  (alacurt) 
Club  of  antenna  long;  labial  palpus  of  from  five  to  seven  segments;  gena 
often  dark,  blending  with  eye. 

* Triclwpsylla  Kolenati  (1863)  (peiiicilliger  Kolenati) 

36.  Club  of  antenna  short,  not  symmetrical,  the  pro.ximal  segments  sloping 

backwards;  segmental  incisions  most  marked  on  hind  side;  genal  process 
with  only  two  bristles  behind  eye,  one  at  some  distance  above  other. 

* Rhopalopsyllus  Baker  (1905)  (liitzi) 
Club  of  antenna  long,  symmetrical;  segmental  incisions  marked  on  both 
sides;  genal  process  with  several  bristles  along  lower  margin  or  at  least 
one  or  two  bristles  close  behind  eye. 

* Parapsyllus  Enderlein  (1903)  (loitgicornis) 

37.  Maxillary  palpus  very  long  and  slender  reaching  beyond  the  apex  of  the 

fore  coxa  and  being  longer  than  the  labial  palpus  which  is  five  segmented; 
the  bristles  of  the  postmedian  row  on  the  abdominal  segments  and  metano- 
tum  are  long,  generally  of  nearly  the  same  width  to  near  the  tip  or  even 
slightly  widened  distally,  the  tip  not  drawn  out  into  a long  thin  point; 
antepygidial  bristles  one;  eye  vestigial. 

Xiphiopsyllus  J.  & R.  (1913)  (liippia) 
Maxillary  palpus  not  reaching  beyond  the  apex  of  foreeoxa;  bristles  of 
abdomen  and  metanotum  normal  in  contour  (drawn  out  into  a fine  point). 

38 

38.  Frons  with  a large  spade-shaped  tubercle;  eye  small,  behind  same  a bristle- 

like si>ine;  some  spinelets  on  first  five  abdominal  segments. 

Lisl'opsyUa  Rothsch.  {igoy){agrippinae) 
Frontal  tubercle  present  but  not  so  prominent;  no  bristle-like  spine  back  of 
eye;  with  or  without  dorsal  si)inelets  on  abdominal  segments 39 

39.  .Antepygidial  bristles  4 or  5 (rarely  3)  on  each  side;  a lower  genal  row  of  five 

bristles;  eye  absent;  five  pairs  of  lateral  plantar  bristles  on  fifth  tarsal 
segment  of  all  legs,  the  first  pair  somewhat  dislocated  towards  the  median 
line;  especially  prominent  in  the  male  is  a median  caudal  extension  of  the 
seventh  tergite  between  the  two  groups  of  antepygidial  bristles;  occiput 
with  an  oblique  row  of  bristles 


* Dolicliopsylla  Baker  (1905)  {stylosus) 
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Anlcpygiclial  bristles  three  on  eaeli  side,  in  the  male  otie  or  two  ol  them 
frequently  reduced  in  size;  a lower  genal  row  of  about  three  bristles. . .40 

40.  Head  with  three  rows  of  bristles  across  frons  and  occiput;  eye  reduced; 

bristles  of  second  antenntd  segment  short  in  both  sexes;  hind  margin  of 
pronotum  slightly  incurved;  mid-  and  hind  tibiae  with  two  to  tour  single 
dorsal  bristles  in  between  the  |)oslmedian  and  suba|)ical  dorsal  pairs; 
bristles  of  tarsi  short,  fifth  segment,  with  the  lirsl  pttir  of  j)lantar  bristles 
moved  on  to  the  ventral  surface;  clasper  of  male  without  a bristle  at  the 
insertion  of  the  movable  process;  ventral  arm  of  ninth  sternite  without  a 
sinus;  eighth  sternite  large,  in  the  female  with  an  obliciue  vertical  row  of 

bristles * Amphipsylla  Wagner  (igoq)  (sliclkoviiikovi) . 

bristles  on  occiput  rarely  tending  to  form  oblique  rows;  one  or  two  rows  of 
bristles  on  frons;  eye  present  (rarely  absent);  some  of  the  bristles  on  the 
second  joint  of  antenna  frequently  as  long  as  or  longer  than  the  club; 
hind  margin  of  jn'onotum  not  incurved;  most  of  the  bristles  on  hind  margin 
of  tibiae  in  pairs;  some  of  the  apical  bristles  on  second  hind  tarsal  segment 
often  long  at  times  reaching  well  to  the  fifth  segment;  five  pairs 
of  lateral  plantar  bristles  on  the  fifth  tarsal  segment  of  all  legs,  the  first 
pair  at  times  bent  or  dislocated  towards  the  median  line  or  even  moved 
well  on  to  the  ventral  surface;  clasper  of  male  with  two  bristles  at  the 
insertion  of  movable  process;  ventral  arm  of  ninth  sternite  with  a sinus; 
eighth  sternite  small,  and  in  the  female  with  no  distinct  vertical  row  of 
bristles  (Fig.  65) * Ccralopliylliis  Curtis  (1832)  i/nriiiidinls) 

41.  Xo  antepygidial  bristles;  ventral  margin  of  head  dilated  behind  the  palpus 

into  a rounded  lobe  projecting  downwards;  genal  process  immediately 
behind  eye  dilated  into  a truncate  flap  which  partly  covers  the  elub  of  the 
antenna;  pronotum  almost  hammer-shaped;  episternum  of  metathorax 
larger  than  sternum;  eye  large.  . . . Uropsylla  Rothsch.  (1905)  {tasmanicns) 
Two  antepygidial  bristles  on  each  side;  head  and  thorax  not  as  above; 
pygidium  usually  convex;  species  hairy 42 

42.  Pronotal  comb  absent;  antennal  groove  open  behind. 

NotiopsyUa  J.  & R.  (1914)  {kcrgiiele>isis) 
Tronotal  comb  present;  antennal  groove  closed  behind;  eighth  abdominal 
sternite  of  male  very  large 43 

43.  Pronotum  with  one  row  of  bristles;  hind  tibia  with  one  lateral  row  on  outer 

surface Chorislopsylla  Rothsch.  (1922)  {ochi) 

Pronotum  with  at  least  two  rows  of  bristles 44 

44  Comb  incomjilete,  reduced  to  a small  number  of  spines. 

Bradiopsylla  Roth.sch.  (1922)  {echid)iac') 
Comb  complete,  with  more  than  sixteen  siflncs  on  the  two  sides  together.  .45 

45.  Frons  without  a pair  of  short  stout  spines  in  the  first  row  of  bristles;  exjiodite 
(movable  process)  of  male  very  long,  curved  down  at  the  apex;  female 
with  consiiicuous  process  dorsally  between  the  two  pairs  of  antepygidial 

bristles Slivalins  Rothsch.  (1922)  {ahalae) 

frons  as  in  Slivalins;  expodite  of  male  curved  up  at  a[)ex;  female  without 
dorsal  process  between  antepygidial  bristles. 

/’yi^iopsyl/a  Rothsch.  (1906)  (hilli) 
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Frons  with  two  short,  stout,  curved  spines  in  llie  anterior  row  of  Ijristles. 

Acanlliopsylla  Rothsch.  (1022)  (rolhschildi) 
46.  Head  with  two  chitinous  llaps  anteriorly  on  each  side  (the  l)at  tleas) 

(Fi^.  5d) ' 

Head  without  these  nai)s  l)ut  often  with  a genal  coml)  of  strongly  cliitinizcd 

spines 47 

A comb  of  numerous  spines  on  the  frons  placed  around  the  border  of  a 
“ca])”  or  “crown”  which  is  divided  off  from  the  rest  of  the  frons  by  a 

marked  suture;  genal  comb  present  or  absent 48 

No  such  arrangement  of  frontal  spines;  with  or  without  genal  comb 50 

t'ap  vertically  placed  or  nearly  so;  genal  comb  present 4q 

Cap  horizontally  placed;  genal  comb  absent. 

Slcphanopsylla (1911)  {l/iomasi) 
No  row  or  patch  of  spinelets  on  inner  side  of  hind  coxa;  maxilla  elongate, 

triangular Stephanocirciis  Skuse  (1894)  (dasyuri) 

.\  patch  of  spinelets  on  inner  side  of  hind  coxa;  maxilla  irregularly  elongate/, 
ovate,  tip  somewhat  pointed. . . *Craneopsylla  Rothsch.  ( 191 1 ) {u'olJfhuegcH) . 
With  lateral  apical  spines  or  spinelets  on  some  of  the  abdominal  segments 

reaching  to  or  almost  to  the  stigmata 5^ 

Without  lateral  apical  spines  or  spinelets  on  the  abtlominal  segments; 

dorsal  apical  spinelets  frequently  present 57 

Eve  present  or  somewhat  reduced;  abdominal  combs  of  spines  or  spinelets 
not  soconspicuous;bristleson  posterior  borderof  tibiae  mostly  in  pairs.  . .52 
Eve  absent  or  vestigial;  abdominal  combs  of  spines  or  spinelets  usually 
conspicuous;  some  of  the  bristles  on  posterior  border  of  hind  tibia  in 
groups  of  three  (or  four),  or  at  times  single  forming  a kind  of  comb; 

notch  at  apical  end  of  hind  coxa  usually  very  pronounced 53 

(ienal  comb  of  live  or  six  spines;  labial  palpus  of  four  segments;  eye  well 

q(.f\ned Xyphloccras  Wagner  (1903)  ipoppei) 

Genal  comb  absent;  labial  i)alpus  of  six  to  eight  segments;  eye  reduced. 

*Atypldoccras  ].  & R.  (1915)  {multidentatus) 

Genal  process  broad  and  obtuse  and  separated  from  the  oral  e<lge  by  a deep 
sinus;  frontal  spines  arranged  along  the  anterior  edge  of  antennal  groove; 
first  segment  of  antenna  large,  as  long  as  the  club,  second  segment  short 
except  on  the  anterior  side  where  it  is  much  produced  distad,  bristles  on 
posterior  border  of  tibiae  mostly  single  forming  a kiml  of  comb;  one 

receptaculum  seminis Dinopsylla  J.  & R.  (1913)  [cllohiits) 

Genal  process  not  separated  from  the  oral  edge  by  a deep  sinus;  tirst  and 

second  segments  of  the  antenna  not  as  above;  some  of  the  bristles  on  posterior 

border  of  hind  tibia  in  groups  of  three  (or  lour);  a comb  of  spines  along 
ventral  edge  of  gena  and  at  times  along  the  anterior  border  of  antennal 

groove;  receptaculum  seminis  frecpiently  double 54 

54.  F'ive  pairs  of  lateral  plantar  bristles  on  tilth  tarsal  segment  of  all  legs; 

labial  paljms  of  four  or  five  segments;  two  receptacula  seminis 55 

Four  iiairs  of  lateral  plantar  bristles  on  fifth  tarsal  segment  of  all  legs  with 
a ventral  liair  placed  in  between  the  first  lateral  iiair;  labial  palpus  with 
oneor  11  to  13  segments;  recept aculum  seminis  oneoi  two 
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S5.  I’lHms  rounded  far  down  as  lirst  fjenal  si)iiu';  a coinl)  ol  si)incs  along  vcnl  ra I 
edge  of  gena:  alalominal  tergiles  willi  two  rows  of  l)rislles. 

* Ciciioparia  Kolliseli.  (1000)  (iuopiuahi) 
Rounding  of  frons  sti)pi)ing  wadi  al)o\a'  lirst  gi-nal  sjiine;  a conil)  along  \'ent  ral 
edge  of  gena  tin-  middle  sidne  being  tlu“  longest;  abdominal  tergites  with 

three  rows  of  bristles * II yslri(  hopsylhi  'I’asehenbcrg  (18, So)  {/dlpac) 

50.  Labial  paljms  of  one  segment;  a lomb  of  spiiu's  on  ventral  border  ol  gena; 

one  reeei'taeulum  st-minis * Slcnopoiiia  j.  & R.  (i()ti)  (tripci'tiudta) 

Labial  palpus  of  ii  to  si'gments;  a eomb  of  si)ines  along  ventral  border 
of  gena  as  well  as  along  antennal  groo\’e;  chitin  of  oceipul  internally 
thiekened  at  about  the  middle;  two  reee])taeula  seminis  of  uneciual  size. 

M diropsyltd  Rothseh.  (1005)  [hcrcules) 

57.  Mandibles  and  labrum-epipharynx  very  broad  i)articularly  the  former; 

labial  pali)us  but  feebly  chitinized  and  showing  but  thrcedistinct  segments; 
six  genal  spines  in  vertical  row;  one  anteiyvgidial  bristle;  row  of  spinelets 
on  inner  side  of  hind  coxa.  ..  .C/iiuidcropsylhi  Rothseh.  (1911)  (po!:.';) 
iMandibles  and  labrum-epipharynx  slender;  labial  palpus  well  chitinized  and 
distinely  showing  four  or  more  segments 58 

58.  Frons  often  narrowdy  rounded  (subangidate)  in  front;  bristles  on  posterior 

border  of  tibiae  mostly  single  forming  a kind  of  comb;  four  pairs  of  lateral 
plantar  bristles  on  fifth  tarsal  segments  of  all  legs  with  or  without  a ventral 

])air  in  between  the  first  lateral  pair so 

Bristles  on  posterior  border  t)f  tibiae  mostly  in  pairs  and  not  forming  a kind 
of  comb 61 

59.  Frons  subangulale  wdth  short  stout  spiniform  bristles  near  anterior  margin; 

with  or  without  genal  comb;  eye  absent  or  vestigial 60 

Frons  not  subangidate.  and  without  spiniform  bristles  near  anterior  margin: 
genal  comb  vertical  with  the  teeth  of  the  comb  rounded  at  the  tip  and 
somewhat  overlapping  anterior  edge  of  antennal  groove;  eye  near  base 
of  antenna;  a comb  or  jiatch  of  small  spiniform  bristles  on  inner  side  of 
hind  coxa;  four  pairs  of  lateral  plantar  bristles  on  fifth  tarsal  segment  of  all 
legs Ilyp.'iophthdlmus  ].  tS:  R.  (191,5)  (cdmpcstris) 

60.  Genal  comb  jircsent,  vertical,  of  from  two  to  numerous  teeth;  frons  sub- 

angulate  in  front,  with  two  or  three  spine-like  bristles  near  the  angle; 
labial  jialjius  of  five  segments;  four  lateral  pairs  of  plantar  bristles  with  a 
jiair  of  ventral  bristles  in  between  the  first  lateral  pair  (Fig.  67). 

* Leplopsy/ld  J.  & R.  (1911)  ()>uiscii/i) 
Genal  comb  absent;  frons  strongly  subangidate  with  tubercle  at  the  angle; 
a row  of  spiniform  bristles  parallel  wdth  margin  of  frons  from  oral  corner 
to  base  of  antennal  groove;  second  segment  of  antenna  widened  apically 
into  a broad  rounded  lobe  covering  in  the  male  one-third  the  club,  in  the 
lemale  one-half;  labial  jialpus  of  four  segments. 

* SlenisloDUTd  Rothseh.  (1Q15)  [d/piiid) 

61.  With  two  condjs  of  spines  on  the  head  a frontal  and  a genal,  thefrontal 

cond)  not  placed  around  the  borders  of  a cap  or  crown  wddeh  is  divided 
off  from  the  rest  of  the  frons  by  a suture;  frons  strongly  reclining  back- 
wards; two  antejiygidial  bristles  on  each  side;  occiput  wdth  an  internal 
dorsal  incrassat ion  before  the  centre. 

CleopsyUd  Rothseh.  (1914)  iloii’iisciiili) 
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With  but  one  comb  of  spines  on  the  head 62 

62.  ('.cnal  coml)  of  two  spines  cither  parallel  or  crossing  each  other 63 

Gcnal  coml)  of  three  spines,  quite  small  and  pale;  no  genal  process;  ante- 
])ygidial  bristles  one  on  each  side  placed  at  some  distance  from  the  apical 

margin  of  the  seventh  tergite;  eye  strongly  reduced. 

Agastopsylla  J.  & R.  (1923)  (boxi) 

Genal  comb  of  four  spines 

Gcnal  or  frontal  comb  of  live  or  six  spines ^7 

Gcnal  spines  crossing  each  other 

Gcnal  spines  parallel  to  each  other;  eye  reduced,  not  pigmented;  frons 
produced  into  a kind  of  snout  at  a short  distance  from  the  maxillar} 
\cropsylla  Rothsch.  (1911)  (episema) 

Frontal  tubercle  absent ; without  dorsal  spinelets  on  the  abdominal  segments, 
fifth  segment  of  tarsi  on  all  legs  with  four  pairs  of  lateral  plantar  bristles 
and  a ventral  pair  in  between  the  first  lateral  pair;  hind  coxa  with  a row 

or  patch  of  small  bristles  on  the  inner  surface. 

* Plialacropsyllo  Rothsch.  (1915)  {poi'i^dised) 

Frontal  tubercle  present,  small;  with  dorsal  apical  spinelets  on  some  of  the 
abdominal  segments;  five  pairs  of  lateral  plantar  bristles  on  fifth  fore  and 
mid-tarsal  segment,  on  the  fifth  hind  tarsal  segment  the  proximal  pair 
placed  vent  rally  between  the  first  lateral  pair  or,  the  proximal  pair  ven- 
t rally  placed  between  the  first  lateral  pair  on  all  legs;  a patch  of  spinelets 

or  thin  bristles  on  inner  side  of  hind  coxa.  ■ n 

* Neopsylla  Wagner  (1902)  {bideniatiformis) 

First  spine  of  genal  comb  almost  completely  covered  by  second;  antepygidial 

bristles  two  on  each  side;  eye  without  pigment.  , 

Neotyphloceras  Rothsch.  (1914)  {rosenbergi) 

First  spine  of  genal  comb  not  covered  by  second , 

66  Labial  palpus  of  four  segments;  the  genal  spines  of  almost  equa  length, 
second  from  above  not  sharply  pointed;  two  or  three  antepygidial  bristles 

on  each  side * Doratopsylla  J.  & R-  (1912)  {dasyoiemus) 

Labial  palpus  of  five  segments;  second  spine  from  above  long  and  tapering 

to  a sharp  point Pa/aci)/).y//u  Wagner  (1902)  (miimr) 

Hind  coxa  with  a row  or  patch  of  spinelets  (or  spmiform  bristles)  on  le 

.,  68 

Hind  coxa  without  a row  or  patch  of  spinelets  on  mnor  side;  no  ro  ital 
notch  or  tubercle;  head  rounded;  fifth  tarsal  segment  of  all  legs  with  four 
pairs  of  lateral  plantar  bristles  and  one  ventral  pair  in  between  the  firs 

lateral  pair;  genal  spines  similar  to  Nearctopsylla.  (See  69.) 

• ’ ^ Chiliopsylla  Rothsch.  (1915)  {alhphyllus) 

Eye  present  placed  high  up  in  head  near  base  of  antenna;  genal  process 
deep  with  a vertical  genal  comb  of  about  five  spines  extending  from  e>e  to 
ventral  border  of  head;  one  long  antepygidial  bristle  accompanied  b>  two 
very  small  ones;  fifth  segment  in  all  tarsi  with  four  pairs  of  lateral  plantar 

l,risiles Uypsophthahmis  J. 

Eve  absent 
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& R.  (1013) 


(campestris) 

69 
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61).  (ii’iKil  siiincs  six,  all  more  or  less  elongated,  the  I'ourlli  from  lop  dilaled  at 
the  tip;  abdominal  terj^ites  1 to  7 with  an  internal  thickening  dorsally; 
frons  snbangulate;  genal  process,  short,  truncate.  (I'ig.  57-) 

* L'orypsyl/a  h'ox  (1908)  {onuihts) 
(lenal  spines  live,  the  upper  one  short,  broad  and  triangular,  the  next  three 
lanceolate,  the  lourth  (2nd.  from  below)  the  longest;  abdominal  lergites 
without  dorsal  internal  thickening;  frons  rounded;  pronoLal  comb  curved 
frontad  ventrally * Xcarctopsylla  Rothsch.  (1915)  (hrooksi) 


70.  Maxilla  acuminate 71 

Maxilla  truncate 75 

71.  One  or  nK)re  of  the  abdominal  tergiles  with  a comb  of  spines 72 


.Abdominal  tergites  without  combs,  with  a pair  of  dorsal  spinelets;  eye  bristle 
present;  antepygidial  bristle  present;  genal  process  acuminate. 

* S/cniopsylld  J.  & R.  (1921)  (icxanns) 

72.  Head  very  short,  semicircular;  first  abdominal  tergite  with  comb;  prothorax, 

apart  from  comb,  extremely  short;  bristles  on  posterior  border  of  tibiae 
of  an  even  length  forming  a kind  of  comb. 

'1  haiiniapsylla  Rothsch.  (1907)  (brcviccps) 
Head  elongate,  distinctly  longer  than  deep 7^ 

73.  I-  rons  with  distinct  tubercle;  first  abdominal  tergite  with  small  comb,  tergites 

II  to  \ I and  metanotum  with  a few  short  apical  teeth;  bristles  on  posterior 
border  of  tibiae  in  pairs  not  forming  a kind  of  comb;  fifth  tarsal  segment 
with  first  pair  of  plantar  bristles  replaced  by  small  ventral  bristles. 

* Ptilopsylla  J.  & R.  (1921)  {leplina) 
Frons  without  tubercle;  eye  bristle  absent;  abdomen  with  four  combs.  ...  74 

74.  Second  segment  of  antenna  enlarged  exteriorly  covering  about  half  the  club; 

antepygidial  bristle  present * Ilonuopsylla  J.  & R.  (1921)  (fosteri) 

Second  segment  of  antenna  not  as  above;  antipygidial  bristle  absent; 
seventh  abdominal  tergite  with  false  comb;  all  species  have  five  combs 
(including  the  prothoracic)  but  in  one  (.V.  dictoius),  the  three  middle  have 
only  one  pair  of  very  short  teeth. 

Xyctcridopsylla  Oudemans  (1906)  ipentacleniis) 

75.  -Abdomen  with  five  or  seven  combs 

Abdomen  with  false  combs,  also  metathorax,  composed  of  the  thickened 
bristles  of  the  submedian  row  which  are  placed  close  to  the  apical  edge  of 
the  tergite  because  of  the  border  being  sinuate  dorsally. 

Myodopsylhi  J.  & R.  (1911)  {insignis) 
.Abdomen  without  combs y- 

76.  .Abdomen  with  seven  combs Isclinopsylliis  Westwood  (1833)  {cloiigatiis) 

Abdomen  with  five  combs.  . Hcxaclciiopsylla  Oudemans  (1906)  {hexaclcniis) 

77.  Ki)imerum  of  metathorax  with  comb;  first  abdominal  tergite  small. 

L hiropleropsylla  Oudemans  (1908)  (aegvpfins) 
E[)imerum  of  metathorax  without  comb ’ yg 

78.  Posterior  margin  of  occij)ut  bchiinl  antennal  groove,  with  four  or  more  short, 

strong,  pointed,  si)ine-like  bristles;  metepimerum  higher  than  long. 

Araeopsy/la  J.  & R.  (1921)  (sciluliis) 
Posterior  margin  of  occii)ut  with  only  the  usual  bristles -o 
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Q.  Occ-iinil  with  about  six  dorsal  incrassations,  lliorax  with  similar  structures. 

bases  of  abdominal  segments  with  one  such  incrassation. 

Largaropsylla  J.  & R.  (1921)  {signoia) 

Occiput  and  thorax  without  incrassations. 

Khinolopliopsylla  Oudemans  (1910)  (iiitipccluialo) 


Scmonyms: 

' Ccralophyllns  = Stcnoiioliis  = Moiiopsylla 
Ctcnoplitlnihniis  = S palucopsylUi 
Dorulopsylhi  = Slcnopsylla 
Lcptopsylla  = Clcnopsylla 
Malacopsylla  = Mcgapsylla 
Xoliopsylhi  = Goniopsytla 
Kliopiilopsylhis  = Kolltscliildirlla 
TrichopsyUa  = Chactopsylla  = Oucopsylla 
Xcnopsylla  = Loemopsylla 
Echidnophaga  = Argopsylla  = Xestopsylla 
Ilectopsylla  = Rhyncopsylla 
Tunga  = Sarcopsylla  = R/iyiiclio  prion 


FAMILY  TUNGIDAE 

Genus  Tunga  Jarocki  (1838) 

Description.  Labial  palpi  pale,  consisting  of  one  segment;  head 
not  divided  by  a groove  or  an  internal  thickening  from  the  antennal 
oroove  upwards;  prosternite  not  iiroduced  posteriorly  mP^  a distinct 
conical  tooth;  hind  coxa  produced  anteriorly  at  the  apex  into  a tooth, 
no  patch  of  spines  on  the  inner  side;  hind  femur  simple;  tibiae  with 
three  pairs  of  dorsal  bristles;  tarsi  very  slender,  some  of  tho  apical 
bristles  on  segments  2,  3 and  4 of  hind  tarsi  ve^y  long  and  thin; 
Sth.  segment  linear  about  eight  times  as  long  as  it  is  broad  with  a few 
him^  and  thin  hairs;  claws  slender  without  basal  projection;  female 
without  anal  style  and  without  stigma  on  first,  second  and  third 

abdominal  tergites. 

Three  species  of  this  genus  are  known,  namel>P^ 

Tun^ici  pcnclrans  Linnaeus  (175S)  oyes  distinct. 

Tiinm  caecala  Enderlein  (1901)  with  eyes  vestigial. 

Tunga  nwcigcna  Jor.lan  and  RothschiUI  (u,2i)  with  eyes  com- 

pletely  absent. 

Tunga  Penetrans 

'rhis  is  a flea  of  tropical  and  subtropical  America  and  has  been 
introduced  into  Africa.  It  is  known  locally  as  the  jigger  or  chigoe. 
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'Flic  liind  K\ij;s  arc  not  well  (lc\'cloi)i‘(l  as  in  other  Ileas,  lor  ])art  of  its 
life  history  is  spent  as  a fixed  parasite  on  man  and  the  lower  ani- 
mals. d'he  mandihles  are  very  stout,  d'he  female  fixes  her  mouth 
parts  in  the  skin  and  the  resultin,ti:  irritation 
jiroduees  a swelliipii;  which  eneomiiasses  the 
insect  except  for  a small  opening  at  the  end 
of  the  abdomen,  'rhrouyh  this  o])ening  shi' 
is  enabled  to  secure  air  and  to  lay  her  et>;fj;s 
which  dro])  to  the  yn-ound  and  hatch  similarly 
to  other  Ileas’  eitys.  At  the  termination  of 
the  eyy  layin.y  period  the  adult  <lies.  d'he  r.n,,,.  pe,n-in,„s. 

skin  between  the  toes  is  oftenest  attacked.  ft>malc.  (From 

I . . . . vSliU’s  “ Israel ii-al  Bactcri- 

-IniCCllOll  lollow  |)I()(luClll^  il  (IciniclllllS  olu^^y.  Blood  Work  and  Ani- 

and  ])ustular  conditions.  The  Ilea  is  more  ParasitoioKy.”  7th  Edi- 

' lion.) 

prevalent  when  the  weather  is  warm  and  drv. 


Genus  Echidnophaga  OUiff  (1886) 

Description.-  Labial  palj)us  consisting  of  one  segment ; head  angu- 
late  in  front  and  divided  by  a groove  or  an  internal  thickening  from 
the  antennal  groove  upwards;  abdominal  segments  2 to  8 with  a 


Fig.  5(j. — Head  and  thoracic  nota  of  Echidndphuga  gallidiii  c<i. 


Stigma  in  both  sexes;  hind  coxa  anteriorly  produced  at  the  ai)ex  into  a 
broad  tooth  and  bearing  on  the  inner  side  a jiatch  of  spinelets;  hind 
femur  simjile;  anal  segment  of  female  with  style. 

Ihere  are  eight  sjiecies  ol  this  (ienus  found  in  Asia,  Africa,  I''airoi)e 
and  Australia.  Only  one,  E.  gaUinacca,  has  been  introduced  into 
America. 
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Echidnophaga  gallinacea  Westwood.  (Fig.  sg) 

In  this  Ilea  llie  fiftli  tarsal  segment  has  two  ventral  apical  bristles 
and  there  is  a small  lateral  lobe  at  hind  margin  of  head.  It  is  a 
Ilea  of  chickens  and  has  been  taken  off  other  domestic  animals  and 
rats.  It  will  attack  man. 


FAMILY  PULICIDAE 


Genus  Pulex  Linnaeus  ( 1758) 

Description.-  Frontal  notch  absent;  eye  ])resent;  club  of  antenna 
short  distinctly  segmented  only  on  the  ])osterior  side;  antennal 


Fig.  60. — Head,  prolhorax,  mesothorax  ami  genitalia  of  Pulex  irrihnis  (male). 


groove  closed  behind,  the  genal  process  separating  the  antennal 
groove  from  the  fore  coxa;  no  spines  on  gena,  at  times  a small  tooth 
at  genal  edge  of  head  slightly  behind  lower  oral  corner;  two  bristles 
on  gena,  an  ocular  and  an  oral;  labial  palpi  of  four  segments;  tip  of 
rostrum  asymmetrical;  mandibles  broad,  short  and  densely  serrate; 
hind  coxa  with  a comb  of  spinelets  on  the  inner  surface  anteriorly 
and  a number  of  hairs  posteriorly;  fifth  tarsal  segment  with  four 
lateral  bristles  besides  the  subapical  hair;  an  antepygidial  bristle  on 
each  side  separate  from  the  apical  edge  of  the  7th.  tergite;  pronotum 
without  a comb  of  spines;  mesosternite  ^'ery  narrow,  without  internal 
rod-like  incrassation  from  the  insertion  of  the  coxa  upwards,  claspers 
with  two  movable  proces.ses  forming  a kind  ol  jiincers  which  is  cov- 
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orod  bv  a third  jm’occss  in  the  shape'  ol  a lar}t;e'  hairy  Ihij),  all  proce-ssps 
I'onspicuous. 

Twn  species  of  J^iilcx  have  been  described.  I he  common,  well 
known,  widely  dislribuU'd  species  is  Pulcx  irrihiiis  the  lyi)e  ol  the 
ijeniis.  (I'ijt;.  bo.)  baker  has  ri‘])ortc'd  another  Irom  Me.xico, 
Pulcx  ilnj^csi.  ddiis  dilTi'is  from  b.  in'ihiiis  mainly  in  the  length  of 
the  rostrum,  which  in  P.  irrihiiis  reaches  to  about  hall  the  length  of 
the  anterior  e'oxa  and  in  P.  (In;^csi  to  about  three  lourths  the  length 
of  that  co.xa. 

Genus  Xenopsylla  Glinkewicz  1 1907) 

Description,  h'rons  without  a notch  or  tubercle;  eye  present; 
genal  process  almost  comi)letely  closing  the  antennal  groo\-e,  separat- 
ing it  from  the  j)rosternum  and  being  })ointed  behind;  anterior  angle 
of  genal  edge  of  head  not  ])roduced  into  a triangular  lobe;  no  spines  on 
head;  club  of  antennae  short,  distinctly  segmented  only  on  the 
])osterior  side;  eye  j)resent;  two  bristles  mi  the  gena,  one  in  front  of 
the  eye  and  one  near  the  lower  genal  border,  labial  jialpi  with  four 
segments;  tip  of  rostrum  asymmetrical,  no  spines  on  ])rothorax; 
hind  coxa  with  a comb  of  small  teeth  (spinelets)  on  the  inner  side; 
fifth  tarsal  segment  with  four  lateral  bristles  besides  the  subapical 
hair;  an  antepygidial  bristle  on  each  side  separate  from  the  apical 
edge  of  the  7th.  tergite  at  times  jilaced  on  a tubercle;  mesosternite 
with  a rod-like  incrassation  from  the  insertion  of  the  coxa  upwards; 
claspers  with  two  or  three  small  processes,  manubrium  narrow,  upper 
internal  ])ortion  of  the  9th.  sternite  not  very  sharply  defined. 

XEXOPSATL.A  CIIEOPIS  ROTHSCHILD  (EIG.  61) 

This  is  the  Indian  rat  Ilea  and  very  likely  the  true  plague 
ilea.  C'ragg  has  pointed  out  that  in  parts  of  India  where  this 
rat  Ilea  predominates,  e])idemics  of  i)lague  are  not  uncommon 
while  in  those  parts  of  India  where  other  rat  Ileas  predominate 
epidemics  of  jilague  are  rare  or  absent.  A',  chcopis  is  cosmojiolitan 
in  its  distribution  and  is  preseiit  on  the  East,  South  and  W'est  coast 
of  the  United  States.  Whether  it  is  iiresent  in  the  interior  of  the 
United  States  is  not  known.  It  has  been  carried  from  jiort  to  jiort 
by  shij)  rats  most  of  which  are  black  rats  (Rallus  rallHs). 

rile  labial  jialjii  reach  to  the  apex  of  the  fore  coxa;  the  median 
saggital  incrassation  of  the  occiput  has  an  even  contour;  the  e])i- 
sternum  and  sternum  of  the  metathorax  are  separated  from  each 
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Other  by  a suture;  the  e])isternum  l)ears  one  l)rist]e,  the  sternimi  i, 
and  the  epiinerum  lo  to  17  in  two  rows  (5  to  8,  5 to  7);  the  meso- 
sternile  l)ears  5 bristles;  the  liind  Temur  has  a tooth  ventrally  at  its 
widest  portion,  a row  of  5 to  g l)ristles  on  the  inner  surface  and  two 


Fk;.  61.  — Head,  prothorax,  mesothorax  and  genitalia  of  Xenopsytla  chcopis  (male); 

(A)  9th  sternite  of  A',  aslia. 


subapical  bristles  on  the  outer  surface;  the  antepygidial  bristle 
is  not  on  a cone  like  process;  the  longest  apical  bristle  of  the  second 
hind  tarsal  segment  reaches  to  the  middle  of  the  fifth  segment;  there 
are  two  movable  processes,  to  the  claspers,  one  narrow  and  more  or 


Fig.  62. — Receptacuhmi  scminis  of  (A)  Xenopsylla  du’opis;  (B)  A',  brasilit'iisis;  (C) 

A',  aslia. 

less  straight,  the  other  with  rounded  contour  its  ujiper  border  being 
more  convex  than  the  lower  and  containing  along  its  edge  a number 
of  bristles;  the  ninth  sternite  is  club  shajied  gradually  but  distinctly 
expanded  towards  the  end;  receptaculum  seminis  as  in  (Fig.  O’A). 

Xeitop.svlla  aslia  Rothschild,  d'his  is  also  a rat  Ilea  of  India, 
Ceylon,  Philippine  Islands  etc.  ft  can  be  distinguished  Irom 


OKDKK  SIIMIOXAI’I'KKA 


'.•;5 

.V.  (Iico/^is  by  tlu'  ril)l)()n-likr  ninth  sti'miln  biA),  llu'  kcrl 

>hapn(l  (.-ontour  of  the  niodian  sa.yiUal  thickening  of  tlie  oe(ii)ut  in 
the  male  and  the  sluipe  ol  the  reeeptaeulum  seminis  in  tlie  lemale. 

Xciiopsxlla  brasiliensis  Ifaker  is  a rat  Ilea  ol  India,  At  idea  and 
Soulli  Anundea.  ddiis  can  be  distinguished  Ironi  the  others  by  the 
different  shajie  of  the  reee])taeulum  seminis  (I'ig.  62 H)  and  by 
the  antepyitidial  bristle  which  in  the  male  is  carrii'd  on  a cone. 

Genus  Ctenocephalus  Kolenati  (1859) 

Description,  k'rontal  notch  absent;  eye  present;  labial  ])alpi 
four  seymenled;  club  of  antenna  distinctly  segmented  only  on  ])OS- 
terior  side;  two  bristles  on  gena  an  ocular  and  an  oral;  a comb  of 
spines  on  lower  edge  of  gena ; a comb  of  spines  on  the  prothorax; 
one  antepvgidial  bristle  on  each  side;  minute  teeth  (spinelets)  on 
inner  side  of  hind  coxa;  fifth  tarsal  segment  of  all  legs  with  four 
bristles  on  each  side  besides  a thin  and  long  subapical  hair. 


CTEXOCEPIIALUS  CAXIS  CURTIS  (EKE  63) 

This  is  the  dog  Ilea.  The  labial  palpi  reach  to  two-thirds  of  the 
anterior  coxae;  there  are  seven  stout  jiointed  spines  along  the  lower 


6.5.  -Head,  iirothorax,  mesot liora.x  am!  Ki-'iiitalia  of  CtciiDcrphattis  c-nii.s  (male). 


margin  of  the  gena;  the  posterior  angle  of  the  gena  usually  ends  in 
a small  tooth;  there  is  a ctenidium  of  from  14  to  ib  si)ines  on  the 
])rothorax;  one  of  the  a|)it'al  bristles  of  the  second  joint  of  the  hind 
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Icfi;  I caches  nearly  to  the  middle  ol  the  fifth  joint;  the  stigmata  are 
large,  the  manubiium  ot  the  elaspers  is  short  and  narrow;  the 
mo\al)le  lingei  is  short,  thick,  swollen  at  its  middle,  bluntly  rounded 
at  its  distal  extiemity  and  contains  on  its  rounded  border  numerijus 
hails.  Cl.  cams  has  been  reported  as  the  intermediate  host  of 
I)i pylidium  camnnm,  II ymcnolepis  diminula,  Dirofilaria  immiiis; 
Lcishmania  doiwvani  and  L.  infanlum. 


CTKNOCEPIIALU.S  FKLIS  BOUCHE 


Ihis  is  the  cat  Ilea.  The  differences  between  this  and  the  dog 
Ilea  as  pointed  out  by  Rothschild  are  not  marked  but  constant. 
They  may  be  studied  from  the  following  tabulation.  C.  fells  has 
been  reported  as  intermediate  host  for  Di pylidium  caiiinuui  and 
Dirofilaria  i mmitis. 


Clowrcphaliis  canis 

Ctcnoceplial  us  felis 

First  and  last  Renal  spine. . . 

•Shorter  in  canis. 

Head 

Shorter  and  more 

Longer  anil  more  pointed 

rounded  especially  in 
female. 

especially  in  female. 

Bristles  on  hind  tibia  between  fifth 

Two  in  number. 

-V  single  bristle  and  a 

and  apical  dorsal  pairs. 

minute  hair. 

Abdominal  stiRinata 

Larger  in  canis. 

Mid-tarsus 

Slenderer  in  felis. 

Eighth  tergiteof  female 

More  rounded  at  ape.x, 
style  more  slender 
than  in  canis. 

Bristles  on  metathoracic  episternum 

3 or  4. 

2 or  V 

Bristles  on  metathoracic  epimerum. 

ist.  row,  7 to  II. 

ist.  row,  5 to  S. 

2nd.  row,  7 to  g. 

211(1.  row,  5 to  7. 

Bristles  on  inner  side  of  hind  femur. 

lo  to  13. 

7 to  10. 

Movable  linger 

The  ventral  edge  is  much 

few  more  hairs  on  the 

straightened. 

surface;  the  dorsal  edge 
is  more  rounded  and 
produced  further  along 
the  ventral  edge. 

Manubrium 

.\nterior  portion  con- 

.\lmost  the  same  breadth 

siderably  broader  than 
the  posterior. 

along  its  entire  length. 

Genus  Hoplopsyllus  Baker  (1905) 

Description,  f'ronlal  notch  absent;  eye  jiresent;  labial  palpi 
with  lour  segments;  two  bristles  on  gena  an  ocular  and  an  oral;  no 
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spiius  on  head;  clul)  of  anlrnna  sr,p:nu'ntt‘(l  only  on  posterior  side; 
no  o!)li([iie  rows  ol  hrislK's  on  oeeiput.  a lond)  ol  spines  on  llie  ])ro- 
thorax;  two  antepvyidial  l)ri>tle>.  one*  on  laieh  sidi';  a row  ol  s|)inelels 
on  inner  side  of  liind  coxa;  tilth  tarsal  sej^ment  on  all  tarsi  with  lour 
l)ri>lles  on  each  side  ht'sides  a thin  and  lony  suhapit  al  hair. 

It  will  he  noted  that  the  foreyoiny  genera  ol  the  Ihdicidae,  have 
nianv  points  in  common  hut  differ  in  certain  outstanding  leatures 
.-'Uch  as  the  presence  or  absence  ol  clenidia  and  the  type  of  clasping 
organs. 

HOI’LOl’SYLLl’S  .\Xt)M ALL  S hAKKR  (FlO.  64) 

A Ilea  of  the  C'alifornia  ground  sciuirrel  (CilcUus  hccclicyi) . d'lie 
mandihles  reach  to  scarcely  half  of  the  anterior  coxae;  the  ])ronotum 
has  a ctenidium  of  about  g spines;  the  bristles  on  the  second  joint 


Fk..  64.  — Head  and  prothurax  of  Unplopsyllus  itnomnliis  (male). 


of  the  antenna  are  considerably  longer  than  the  third  joint;  one  of 
the  apical  Imistles  on  joint  2 of  hind  tarsi  is  longer  than  joint  a and  4 
together;  the  lateral  i)ortion  of  the  ninth  tergite  is  a large  sclerite, 
rounded  above,  with  a stout  tooth  at  the  posterior  ui)])er  angle  and 
juimerous  bristles  along  the  upper  margin;  the  mo\’;d)le  linger  has 
the  shape  of  an  elongated,  inverted  plowshare  with  the  i)oint  directed 
cej)h:dad  and  with  a few  weak  hairs  on  the  posterior  border. 

FAMILY  CERATOPHYLLIDAE 

Genus  Ceratophyllus  Curtis 

Description,  f rontal  tubt-rcle  ])resent;  eve  present  occasionally 
X'estigial;  head  of  ftmude  evenly  rounded,  of  the  nude  llatteiu'd  on 
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top;  c'lul)  of  antenna  se^^nnented  all  round;  no  spines  on  head;  lahial 
])alpi  live  sej^mented;  a eomb  oi  spines  on  the  pronotuin;  three  ante- 
pygidial  ])ristles  on  eaeh  side  in  the  female,  often  fewer  in  the  male; 
py<^idium  not  eonvex;  no  spinelets  on  inner  side  of  hind  eoxae;  fifth 
joint  of  all  tarsi  with  live  bristles  on  eaeh  side,  all  in  line  or  only  the 
proximal  ])air  dislocated  towards  the  median  line;  claspers  with 
one  movable  process;  outline  of  claspers  distinct;  inner  vertical 
portion  of  ninth  sternite  distinct,  external  horizontal  portion  broad- 
ened, membranous  with  a sinus  in  its  i)osterior  border. 

CER.\TOPHYLLUS  FASCI.\TUS  BOSC.  (FIG.  65) 

The  Euroi)ean  and  North  American  rat  Ilea.  The  labial  palpi 
reach  not  (|uitc  to  the  apex  of  the  anterior  coxae;  there  are  three 


Fk;.  65. — Head,  ])rothorax  and  genitalia  of  Ct’nitopliyllus  fascialus  (male). 


bristles  in  the  lower  genal  row,  evenly  spaced;  the  upper  row  is 
represented  by  three  small  bristles  alonji;  the  edf^e  of  the  antennal 
groove,  the  lowermost  frecjuently  jiaired  in  the  male;  the  seeond  joint 
of  antenna  contains  about  five  hairs  about  as  long  as  third  joint; 
there  are  idiout  18  spines  in  the  jironotal  ctenidium;  there  are  two 
rows  of  bristles  on  the  idxlominal  sternites,  a posterior  of  about  12 
or  14  and  an  anterior  of  smaller  less  numerous  bristles;  on  the  inner 
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.''ido  ()l  tiu'  hind  femur  is  a row  of  ^ or  4 hrislles;  on  outer  side  of 
Irind  tibiae  there  are  <S  to  i 2 lati'ral  bristles;  none  of  the  bristU“s  at  the 
apex  ot  tile  hind  tibia  is  lonj^er  than  the  next  sueeeedinj^  joint;  the 
lateral  bristles  on  the  lifth  tarsal  joints  of  all  legs  are  in  a uniform 
row;  the  linger  of  the  elaspiu's  is  short  extending  to  a little  beyond 
the  immovable  jiroeess,  its  distal  edge  is  convex,  its  jiroximal  edge 
angulate,  Irom  the  distal  edge  thc-re  are  two  large  and  two  small 
bristles  alternating;  the  ninth  sternite  is  broad  and  thin  with  ;i 
dee[i  sinus  in  its  jiosterior  border  and  its  surfac  e containing  numerous 
hairs;  in  the  lemalc  the  sternite  of  the  se\enth  abdominal  segment  is 
never  distinctly  sinuate;  reeejitaeulum  seminis  as  in  (Fig.  68F). 

CKRATOIdlVLLUS  ACUTUS  BAKER  (FIG.  66) 

I his  is  a tlea  of  the  California  ground  squirrel.  There  are  three 
bristles  in  the  lower  genal  row  the  middle  bristle  close  to  the  upper; 


I'k,.  (>(). — Hi’ad,  prothura.x  amt  Kcnilalia  nf  (.'t-rala [ihyllus  acnlus  (niakO. 


the  up])er  genal  row  is  repre.sented  by  one  or  two  small  bristles  at  the 
edge  of  the  antennal  groove;  the  labial  palpi  are  long  extending  well 
beyond  the  trochanters;  the  longest  bristle  on  the  second  ioijit  of 
hind  leg  e.xtends  to  the  iniddle  ol  the  tilth  joint;  the  hind  lemur  has  a 
row  ol  4 or  5 small  bristles  on  the  inner  side;  the  bristlc-s  on  the  mar- 
gins ol  the  tilth  tarsal  joint  are  in  a uniform  row;  the  linger  of  the 
claspers  is  very  long  and  slender.  It  is  sluqied  like  the  blade  of  a 
scythe  and  extends  well  beyond  the  tip  ol  the  immo\abh“  process; 
receptaculum  seminis  as  in  h'ig.  heSF. 
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FAMILY  LEPTOPSYLLIDAE 

Genus  Leptopsylla  Jordan  and  Rothschild  (1911) 

Description.  The  liead  is  suhangulate  in  front;  eyes  absent; 
club  of  aiitenna  sef^menled  all  round;  a comb  of  spines  on  posterior 
bolder  ol  jj;ena;  obliijue  rows  ol  liristles  on  occiput;  a conilj  of  sjiines 
on  the  prothorax;  bristles  on  jiosterior  border  of  tibiae  mostly  single 
and  in  a close  set  row  forming  akind  of  comb;  inner  side  of  kind  coxae 
without  sjiinelets;  the  last  tarsal  joint  on  all  legs  has  on  each  side 
four  birstles  with  a jiroximal  jiair  situated  between  the  tirst  lateral 
pair. 

LEPTOPS\TLA  MUSCULI  DUGES  (FIG.  67) 

this  is  the  mouse  flea  and  a flea  of  rats.  It  can  be  readily  identi- 
fied by  the  four  genal  sjiines  together  with  the  two  short  thick  spine- 


Fig.  67.  — Head,  prothora.x  and  genitalia  of  Leptopsylla  niusculi  (male). 


like  bristles  anteriorly  at  the  most  prominent  jiart  of  the  frons  which 
are  characteristic  of  the  genus;  receptaculum  seminis  as  in 
(Fig.  68 A). 

Eradication 

Kggs,  larvae  and  adults  may  be  removed  from  rugs,  carpets  etc. 
by  the  vacuum  cleaner.  The  dust  should  be  burned. 

Dogs  may  be  bathed  in  a 3%  solution  of  creolin  or  licpior 
cresolis  comjiositus  or  in  an  emulsion  consisting  of  ecjual  parts 
of  kerosene  and  a solution  of  the  above,  d'hese  insecticides 
should  bt“  permitted  to  act  for  not  less  than  live  minutes  and 
followed  by  a bath  in  soap  and  water.  \\'ashing  should  begin  at 
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Fig.  68.— Rcceplaculum  seminis  of  (.-\)  l.rplopsylhi  miisculi;  (H)  EckidnohkaRn 
gallinacfu;  (C;  Enlex  irrilatis;  (D;  Ceniluphylliis  niger;  (li)  CcratophvUus  aculn-i- 
Ceratophyllus  fascialus.  ' ’ ^ ’ 
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the  head.  ( ats  M'hieh  are  i)r()ne  to  lick  themselves  after  such  a hath 
may  be  made  sick  so  that  it  is  perhaps  better  to  dust  well  with  j)yre- 
thrum  ])owder,  first  jilacing  the  animal  on  a lar^fc  piece  of  jiaper. 
I he  tleas  will  be  stupilied  and  will  droj)  off.  The  paper  with  its 
contents  should  then  be  burned. 

1 he  animal’s  bedding  should  be  buimed  weekly  or  soaked  in 
5%  cresol  solution. 

\\  hen  practicable  floors  should  be  mojijied  with  kerosene  paying 
particular  attention  to  cracks,  base  boards  etc.  or  sprinkled  with 
napthalene.  C'ellar  floors  may  be  white  washed. 

Ground  which  has  been  exposed  after  a search  for  rat  breeding 
and  harboring  places  should  be  soaked  with  a 5%  solution  of  cresol 
or  one  of  the  cresol  preparations. 

l umigation  with  sulphur,  three  pounds  to  1000  cubic  feet,  may 
be  practiced.  The  inclosure  to  be  fumigated  should  lie  tightly  closed 
and  exj)osed  to  the  gas  for  6 hours.  It  must  be  kept  in  mind  that 
sulphur  may  tarnish  metals  and  may  be  destructive  to  fabrics,  jiaint- 
ings,  etc. 

Cyanide  lumigation  is  eflicatious  but  dangerous  and  should  be 
used  only  by  one  thoroughly  trained  in  the  })rocedure. 
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ORDER  ANOPLURA 

(Lice) 

'I'he  term  lice  is  commonly  apjtlied  to  two  (lill'crent  groups  of 
windless  insects  which  resemble  each  other  more  or  less  closely  but 
are  never-the-less  distinct.  One  ,yroup  (the  bitin.i;  lice)  called  the 
Mallophaga  is  comprised  of  the  lice  which  are  more  especially  found 
on  birds  and  which  have  masticatory  mouth  parts  and  feed  on  ei)i- 
dermal  scales  and  feathers.  They  do  not  attack  man  and  are  there- 
fore of  little  interest  from  the  stand])oint  of  preventive  medicine. 
The  other  group  (the  sucking  lice)  is  called  the  Aiioplura  and  is  com- 
])rised  of  tluxse  lice  having  suctorial  mouth  parts  and  which  dwell 
upon  warm  blooded  animals  including  man  and  subsist  u])on  blood. 
These  are  the  lice  of  sju'cial  interest  in  preventive  medicine. 

The  Anoplura  are  degenerate  parasitic  insects.  They  lack 
wings.  They  are  flattened  dorso-ventrally.  Their  mouth  parts  are 
adapted  to  j)icrcing  the  skin  and  sucking  blood  and  are  retracted 
inside  the  head  when  not  in  use.  The  metamorphosis  is  incomplete 
in  that  the  young  and  adults  have  a similar  form  and  eat  the  same 
food  and  there  is  no  pupal  or  quiescent  stage  in  the  life  history. 
Three  moultings  occur  before  the  adult  stage  is  reached  and  the  sexual 
organs  are  distinct. 

Adult.  Anatomy.— Like  all  insects  the  body  is  divided  into  a 
head,  thorax  and  abdomen.  There  may  be  two  small  but  distinct 
simple  eves  or  ocelli,  one  situated  on  each  side  of  the  head  at 
its  broadest  part.  In  front  of  these,  one  on  each  side,  is  a three  to 
five  jointed  antenna.  At  the  most  antcuior  part  of  the  head  is 
located  the  mouth  opening  which  is  surrounded  by  a ring  of  tissue, 
the  hauslellum,  bearing  a number  of  hooklets  {preslomal  leelli).  At 
rest  the  pien  ing  organs  are  withdrawn  into  the  head  by  an  invagina- 
tion of  the  integument.  bhe  slylel  is  composed  ot  three  jiarts. 
d'hese  when  protruded  from  the  head  and  ap])osed  form  a tube 
through  which  the  blood  is  drawn  u])  by  tin*  action  ot  the  asju’ratory 
muscles.  In  the  act  of  biting  the  haustellum  is  ])laced  against  the 
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skin  where  it  is  liehl  linnly  l)y  (lie  hooklels,  forniing  an  air  tight 
ring.  The  stylet  or  stal)l)er  is  then  inserted,  the  saliva  injeeted  and 
the  blood  withdrawn.  During  the  operation  whieh  may  last  more 
than  30  minutes,  the  blood  may  be  seen  to  ])ass  into  the  digestive 
.system  and  the  waves  ol  contraction  of  the  as])iratory  api)aratus  and 
of  the  alimentary  canal  may  be  observed.  As  in  other  degenerate 
j)arasites  the  ejection  of  feces  often  accomjxinies  feeding.  The  bofly 
louse  usually  clings  to  libres  of  the  clothing  while  feeding.  I'Y'eding 
normally  takes  ])lace  4 or  6 times  a day  and  most  of  the  biting  is 
done  where  the  clothing  is  tightest  (around  the  neck,  waist,  back  etc.). 
I he  blood  first  passes  into  the  buccal  cavity,  then  into  the  pharviix 
and  then  backward  into  the  oesophagus  and  stomach.  The  lateral 
thickenings  of  the  buccal  cavity  are  known  as  the  fiilturae.  The 
stomach  is  jirovided  with  two  lobes  or  jiockets  anteriorly  lying  on 
either  side  of  the  oesojihagus.  From  the  stomach  the  digested  food 
passes  into  the  intestine  or  hind  gut  at  the  beginning  of  which  empty 
four  Malpighian  tubules.  There  are  two  jiairs  of  salivary  glands, 
one  pair  (trouser-shaped Hying  on  either  side  of  the  stomach,  and 
one  pair  (kidney-shapetl)  lying  on  either  side  of  the  oesophagus 
between  the  anterior  lobes  of  the  stomach. 

The  thora.x  does  not  show  comiilete  segmentation.  A sternal 
plate  may  be  observed.  It  is  located  in  the  middle  of  the  ventral 
surface. 

The  abdomen  is  made  up  of  nine  segments  but  the  number  mav 
be  reduced  in  some  species.  The  tergites  and  sternites  are  usually 
only  thinly  chitinized  but  laterally  the  pleurae  may  be  denselv 
chitinized  forming  the  pleural  plates.  The  ninth  segment  in  the 
female  is  notched  behind  forming  two  flaps,  the  telson.  On  the 
ventral  surface  of  the  eighth  segment  are  two  triangular  plates 
bristled  on  their  edges  and  known  as  gonopods.  These  are  used  to 
grasp  a hair  while  ovijiosition  is  taking  place,  holding  it  firmly  as  the 
egg  is  being  cemented  to  it.  The  ninth  segment  in  the  male  is 
rounded,  not  notched.  At  the  posterior  end  of  the  male  abdomen 
may  be  seen  a i)ointed  chitinous  organ,  comi)osed  of  two  j)arts,  used 
to  dilate  and  hold  o])en  the  genital  c)i)ening  of  the  female  allowing 
the  insertion  of  the  penis  during  the  act  of  copulation. 

breathing  occurs  through  spiracles  located  on  each  side  of  the 
mesothora.x  and  of  the  third  to  eighth  abdominal  segments.  The  legs 
are  robust  and  adapted  to  clinging.  They  are  made  up  of  live 
joints;  a coxa,  trochanter,  femur,  tibia  (often  pro^■ided  distally  with  a 
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llnimb-likc  process)  and  a Itirsii.s  torniinalinfj;  in  a large  movable  (idle 
whit  h when  aj^posed  to  the  thumh-shapi'il  proeess  ol  the  tibia  permits 
the  louse  to  grasp  a hair  or  fibre  of  elothing.  In  some  s])eeies  there 
is  a small  plate  between  tlu'  tibia  and  tarsus  known  as  tin-  prclarsal 
S(lt'rit(\ 

lOggs  of  the  louse  are  elongate-ovoid  with  a granulated  caj)  known 
as  the  operculum.  'The  young  lice  reseiuble  tlie  adults  except  tor 
their  small  size  and  absence  of  genital  organs. 

FAMILY  PEDICULIDAE 

The  lice  which  infest  man  belong  to  the  Tamily  Tediculidae, 
subfamily  Tediculinae.  The  I’ediculinae  have  five-jointed  antennae; 


Fig.  69. — Pediculus  huniauus,  dorsal  and  ventral  view  (female). 

there  is  but  one  pair  of  sjiiracles  on  the  thorax;  there  is  no  tubular 
])roIongation  in  front  of  the  heail;  the  eyes  are  simple,  black  and 
])rominent;  the  thumb-shaped  jirocess  on  the  hind  tibia  is  iiresenl ; 
the  legs  are  suitable  for  clinging  and  the  tifiiae  and  tarsi  are  stout. 
There  are  three  members  of  this  subfamily,  Pediculus  humanus 
la'nn.  1758  (=  capitis)  or  head  louse  (Tig.  69).  J^cdiculus  corporis 
de  (leer  1778  (=  vestimenti)  (Fig.  70)  or  body  louse  and  Phlhirus 

pubis  lAnn.  1758  or  crab  louse.  (Fig.  71.) 

10 
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Anatomical  dilTcrences  between  the  head  and  body  louse  are  very 
slight.  They  dilTc'r  in  habit  or  location  but  very  little  in  structure. 
The  head  louse  is  smaller  than  the  body  louse  and  the  lateral  con- 
strictions between  the  abdominal  segments  are  shallower.  They 
will  interbreed  readily  and  it  is  believed  by  some  observers  that  it 
would  probably  be  more  exact  to  regard  them  as  varieties  of  the 
same  s])ecies,  i.e.  Pediculus  Jtumaniis  variety  Iiumuiiiis  and  Pcdicidus 
humaniis  variety  corporis.  On  the  other  hand  crab  lice  are  readily 
distinguished  by  their  different  shape. 


Fk;.  70. — PcdiciiliiS  corpuris,  dorsal  and  ventral  view  (female). 


Habits. — The  head  louse  inhabits  the  hairs  of  the  head  attacliing 
its  eggs  with  the  operculum  uj)i)ermost  near  the  base  of  the  hairs 
by  means  of  a cement  which  is  formed  in  a special  gland.  As  the 
hair  grows  the  nits  are  carried  farther  and  farther  away  from  the 
scalp.  Around  the  ears  and  the  occipital  region  are  favorite  loca- 
tions for  oviposition.  Children  are  more  likely  to  be  infested  and 
especially  girls  with  their  long  hair:  also  old  people. 

The  body  louse  inhabits  the  clothing  especially  at  the  seams,  at 
arm  pits  and  fork  of  trousers,  attaching  its  eggs  to  the  fibres  of  the 
cloth.  Woolen  clothing  is  iiarticularly  liable  to  become  lousy  on 
account  of  the  wool  fibres  to  which  the  eggs  may  be  easily  attached. 
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('otlon  and  silk  arc  nuu  h U'>s  likely  to  harbor  lice.  'I'licrc  is  also  a 
tendency  to  ehanye  woi'len  clothing;,  which  is  mostly  worn  in  winter, 
less  frcHjuentIv  than  cotton  or  silk.  ( )ci  asionally  ey^y^s  ol  the  body 
louse  may  be  found  attached  to  the  hairs  of  the  body. 

'The  crab  lousi-  inhabits  the  hairs  of  the  pubic  rej^ion  but  at  times 
in  badly  infested  indixiduals  it  may  e.xtend  to  the  hairs  ol  the  body 
and  even  to  the  beard  and  evebrows. 


•j  1 . —Phlhinis  puhis,  ventral  view,  female. 

Pediculus  corporis 

Man  and  his  clothiiif^  are  the  chief  disseminators  of  body  lice 
and  only  occasionally  will  they  be  found  in  blankets  and  mattresses 
and  practically  never  in  rooms,  beds,  trenches  etc.  aj)art  from  their 
normal  host.  However  the  temperature  of  the  surroundinprs  has 
a marked  inlluence  on  their  movements  and  vitality  so  that  when  tlu‘ 
temperature  of  the  environment  appro.ximates  that  of  tlu'  body,  as 
while  in  bed,  lice  will  very  likely  wander  from  one  ])erson  to  another 
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or  when  the  skin  heroines  hot  as  in  a fever,  liee  show  a tendency  to 
leave  the  body  and  migrate  more  rapidly  to  another.  They  also 
leave  the  body  at  the  death  of  the  host.  They  are  very  sensitive  to 
heat  and  are  best  adapted  to  a temperature  of  between  86  and  90 
degrees  V.,  the  temjierature  which e.xists between  theskin  and  clothing. 
At  104  degrees  they  are  very  active.  At  q8  degrees  they  are  active 
and  without  food  die  on  about  the  second  day.  At  60  to  65  degrees  F. 
their  activity  is  not  marked  and  even  without  food  they  may  live  4 or 
5 days.  At  still  lower  temperatures  they  become  moribund  and  die 
slowly.  If,  alter  a delousing  process,  there  is  complete  absence  of 
peristaltic  action  in  the  lice  examined,  it  may  be  assumed  that  they 
are  actually  dead  and  will  not  revive. 

In  general  it  may  be  said  that  the  average  life  of  a louse  (body) 
after  reaching  maturity  is  34  to  40  days.  Away  from  the  human 
body  and  unfed  they  die  in  3 or  4 days,  at  most  7 days.  The  female 
louse  reaches  maturity  in  about  12  days  and  oviposition  begins  the 
second  day  after  the  last  moult.' 

Eggs.--  Eight  to  ten  eggs  a day  are  laid  for  about  30  days.  They 
are  cemented  to  the  fibres  of  the  clothing,  the  operculum  pointing 
upward.  Under  favorable  humidity  conditions  eggs  will  hatch  in 
8 or  9 days  when  kept  at  a temperature  of  87  degrees  F.  Such 
conditions  exist  between  the  skin  and  the  clothing  when  constantly 
worn.  At  98  degrees  they  will  hatch  in  5 days.  Below  72  degrees 
F.  none  will  hatch.  Eggs  may  hatch  as  long  as  35  days  after  laying 
if  kept  cold,  so  it  is  possible  for  eggs  to  lie  dormant  in  discarded 
clothing  up  to  35  days  and  still  hatch.  A fertile  egg  may  be  told  by 
observing  the  reddish  or  brownish  eye  spot  in  the  embryo. 

When  fully  develojied  the  nymph  emerges  from  the  egg  shell  by 
first  forcing  ojien  the  lid  or  operculum.  This  jiermits  only  a jiartial 
escape  and  to  complete  the  process  the  larva  swallows  air  which  is 
then  emitted  from  the  rectum  into  the  lower  part  of  the  shell  so 
that  gradually  a jiressure  is  obtained  sufficient  to  force  the  insect 
completely  out  of  the  covering. 

Nymphs.-'  The  young  look  very  much  like  adults  except  for  their 
smaller  size.  If  not  fed  they  die  in  24  to  48  hours.  If  fed  they 
moult  in  from  4 to  6 days  to  enter  the  2nd.  nymphal  stage. 

The  211(1.  uymphal  stage  moults  in  about  four  days  (or  8 days 
after  emergence  from  the  egg)  to  enter  the  3rd.  nymphal  stage  which 
in  another  four  days  (or  12  days  after  emergence  from  the  egg) 
moults  to  become  the  fully  formed  adult. 
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Pediculus  humanus 

'I'lu'  life  history  of  Pediculus  l/uiuaiius  is  similar  exiH'pl  perhaps 
that  the  mimher  of  ej^ys  laid  is  fi'wer  and  the  lift' of  llu' insc'ct  shorter. 

Phthirus  pubis 

Phlhirus  pubis  (I'iy.  71)  is  about  as  lony  as  broad  while  the  body 
and  head  louse  are  eaeh  about  thrt'e  times  as  lony  as  broad.  In  the 
pubic  louse  the  lirst  jKur  of  leys  is  slender.  In  the  others  the  first  pair 
of  leys  is  relati\-ely  stout  and  tt'rminate  in  strony  claws  markedly  ser- 
rated on  the  inner  edyes.  'I'lu'  head  is  laryer  than  in  the  other  sjiecies 
and  there  is  less  demarcation  between  the  thorax  and  abdomen. 
'I'hree  jirotuberances  beariny  hairs  may  be  seen  on  each  side  of 
the  abdomen,  and  the  insect  is  more  hairy  than  the  other  s])ecies.  I'he 
crab  louse  usually  infests  the  pubic  hairs  but  may  be  found  on 
other  hair}-  jiarts  includiny  the  hairs  of  the  leys  and  body,  the  beard 
and  eyebrows  and  rarely  the  head.  The  eyys  of  the  crab  louse  can 
be  differentiated  from  the  eyys  of  the  head  and  body  louse  by  the 
different  aj)iK'arance  of  the  caj)  or  operculum  which  in  the  crab 
louse  is  more  conical  with  laryer  more  prominent  nodules.  Tyys 
hatch  in  from  6 to  8 days.  'I'liree  moultinys  over  a span  of  14  days 
are  required  to  reach  maturity  after  which  the  adult  lays  about  two 
eggs  a day  for  another  14  days  when  it  dies.  (Tab  lice  are  very  per- 
sistent feeders  and  adhere  closely  to  the  skin,  d'hey  are  spread 
from  person  to  person  during  coitus  and  by  means  of  the  eggs  attached 
to  hairs  shed  in  toilets  or  by  the  use  of  clothing  which  hasbeen  worn bv 
others. 

Diseases  Transmitted  by  Lice.  It  is  known  that  the  body  louse 
is  the  carrier  of  typhus  fever  (see  C'hapter  XXXIIl),  trench  fever  (see 
Chai)ter  XXXI V)  and  European  relaiising  fever  (see  C'hapter  XXXV). 
Urticaria  and  melanodermia  (\-agabond’s  disease)  may  follow  froin 
the  irritation  of  the  bile  and  cutaneous  jiyogenic  conditions  from  the 
scratching.  'Fhe  head  louse  ma}'  carry  ty])hus  fever  and  it  is  said 
that  this  louse  may  also  carry  fa\  us  and  impetigo.  The  i)ubic  louse 
so  tar  as  known,  is  not  responsible  lor  the  s{)read  of  anv  disease, 
although  it  is  certainly  a potential  carrit-r  and  great  irritation  of  the 
skin  under  the  i)ubic  hairs  may  follow  its  bite. 

t'LA.SSJl'KW'I'lOX 

-Many  lice  besides  those  infesting  human  beings  are  known  to 
science.  I'uu  h has  for  its  host  a particular  sjiecies  of  warm  blooded 
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animal  and  il  is  not  common  to  lind  one  on  an  animal  other  than  its 
normal  host  and  then  usually  on  a closely  related  species.  Neither 
do  lice  survive  for  any  len<fth  of  time  away  from  a host.  Just  why 
they  are  so  dej)endent  uj)on  one  species  of  animal  is  not  known. 
It  may  be  body  tem])erature,  serum  reaction,  thickness  of  .skin  or  the 
size  of  the  hairs  to  which  they  cling.  C ertainly  they  are  very  sus- 
ce])tible  to  temperature  and  humidity  conditions.  These  remarks 
are  equally  true  of  the  biting  lice,  the  Mallophaga. 

Monkeys.  I he  lice  of  monkeys  and  ai)es  belong  to  the 
hamily  Pediculidae.  In  fact  the  louse  of  a])es  is  in  the  Subfamily, 
Pediculinae,  but  can  be  told  from  the  man-infesting  species  of  Pedi- 
culus  in  that  some  ot  its  pleural  j)lates  have  lateral  lobes.  Most  of 
the  lice  of  monkeys  Ijelong  to  the  Subfamily  Pedicininae,  the  members 
of  which  have  three-jointed  antennae. 

The  Dog  {Canis  Jamiliaris) The  sucking  louse  of  the  dog  is 
Linognathus  pilijcnts  Hurmeister.  It  is  not  often  encountered. 

The  genus  Linognathus  is  characterized  by  having  five-jointed 
antennae;  the  middle  and  posterior  pairs  of  legs  are  nearly  equal  in 
size  and  larger  and  stouter  than  the  anterior  pair;  the  abdomen  is 
without  chitinized  tergal,  sternal,  and  pleural  plates;  each  abdom- 
inal segment  has  t\vo  or  three  rows  of  rather  long  hairs;  eyes  are 
absent;  the  head  is  rather  slender  and  the  thorax  small  and  elongated. 

Two  species  of  biting  lice  have  been  recorded  from  dog,  lletero- 
doxus  longilarsus  and  TricJiodcctcs  latus.  The  former  is  a kangaroo 
louse  on  the  dog  only  by  accident.  The  latter  is  found  with  more  or 
less  frequency. 

The  Domesticated  Cat  (Fclis  domcslicus) . - The  cat  has  no  sucking 
louse.  The  Mallo])hagan  louse  of  the  cat  is  Trichodcclcs  subroslrata . 
This  has  also  been  recorded  from  the  wild  cat. 

The  Horse  ( Kqiius  f ahull  us).-  The  sucking  louse  of  the  horse  is 
Ilaematopinus  asini  Linne  which  is  also  re]:)orted  from  the  donkey. 

In  the  genus  llaemalo pinus  the  head  is  very  l)road  posteriorly 
with  the  temj)oral  angles  very  prominent;  the  antennae  are  five- 
jointed;  the  thorax  is  broad  and  the  sternal  plate  well  defined;  the 
legs  are  nearly  all  of  the  same  size;  i)retarsal  sclerite  is  present; 
pleural  plates  are  strongly  developed  from  third  to  eighth  segment ; 
there  is  but  one  row  of  bristles  on  each  abdominal  segment;  the  ter- 
gites  have  many  small  chitinized  ])lates  but  these  i)lates  may  be 
absent. 
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Tlu'  biting  licr  ol  thr  h()rs(‘  arc  I'rit  hodcclcs  ci/iu  and  7’.  fu/osiis. 
'I'lu'  latter  has  not  hcim  ri'portcd  from  the  Tnited  States. 

The  Domesticated  Hog  (Siis  .scrofa  doiucstica).  The  sm  king  louse 
of  the  hog  is  llai'Dialopi ints  .siii.s  Linne  (=  iirius  Nitzseh)  which  ])a.sses 
tem])orarily  to  man.  Xo  biting  lice  have  been  reeor(le(l  Irom  hogs. 

The  Domesticated  Cow  (Bos  lounis).  'I'he  sucking  lice  of  cattle 
are,  Ilocnialo p'niits  ciirystcniiis  Xit/.seh,  tlu‘  ‘‘short  nosed  o.x  louse,” 
Linoi’iiallius  vituli  lanne  “the  long  nosial  o.x  louse”  and  Solcnopotcs 
( OpillalKs.  'bhe  biting  louse  is  J'ldcl/odrclcs  scidaris. 

Domesticated  Sheep  (Ovis  arirs).-  The  sucking  louse  of  sheep  is 
lAHoynathiis  pcdalis  Osborn.  It  occurs  on  the  legs  and  feet  below 
the  long  wool.  It  is  not  common,  biting  lice  have  not  been  recorded 
from  sheep. 

The  Domesticated  Goat  iCa pro  hirens).  The  sucking  lou.se  of  the 
goat  is  Linoynathiis  stciiopis  Hurmeister.  Two  different  biting  lice 
have  l)een  taken  from  the  Angora  goat,  Trichodectes  climax  and  T. 
hermsi.  The  latter  is  much  larger  than  T.  climax  and  has  on  its 
head  and  abdomen  numerous  short,  s])iny  hairs  irregularly  disposed. 

The  Rabbit.  'I'he  common  sucking  louse  of  the  ralj])it  in  the 
United  States  is  Ilacmodi psits  vcnlricosKS  Denny.  It  may  be  taken 
from  wild  or  tame  rabbits. 

The  genus  llacmodipsus  is  characterized  by  having  a short  head, 
broader  ])osteriorly ; the  abdomen  is  without  chitinous  plates  or  else 
the  i)leural  [)lates  are  extremely  small;  the  abdominal  segments  have 
a single  row  of  rather  closely  spaced  very  long  hairs;  the  anterior 
legs  are  more  slender  and  smaller  than  the  others;  eyes  are  absent; 
antennae  are  five-jointed. 

In  //.  vcnlncosus  the  thorax  is  narrow  and  the  sternal  plate  hexa- 
gonal all  of  its  margins  being  nearly  ecpial  in  size;  pleural  jilates  are 
I)resent  on  the  third  to  sixth  segments  but  they  are  very  small  and 
tooth-like  with  the  Ijase  attached  to  the  bodv  and  the  j)oint  free. 

The  Domesticated  Guinea  Pig  {Cavia  cobaya). — Sucking  lice  have 
not  been  recorded  from  this  animal,  d'wo  forms  of  biting  lice  are 
common,  (iliricola  porcclli  and  Gyropus  ovalis.  'I'he  latter  can  be 
readily  distinguished  Irom  the  lormer  by  its  verv  broad  abdomen, 
almost  twice  as  broad  as  long. 

Domestic  Kats.--  Poly  pi  ax  spiindosa  Hurmeister  is  the  common 
sucking  louse  of  the  rat.  ( Id'g.  72.)  .\t  times  J\  scrralus,  a mouse 

louse,  may  also  be  encountered.  'I'wo  other  forms  also  have  been 
taken  olf  rats,  P.  oiiacanlhus  and  H 0 plo pleura  aca ull/o pus  which 
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jirolialily  has  as  its  normal  host,  a held  mouse  (Microhis).  In 
the  United  States  II . uCiDiUio pus  is  represented  by  a ^’ariety,  anicri- 

CiUlHS. 

In  the  ffeniis  Iloploplciira,  tlie  antennae  have  live  joints,  similar  in 
male  and  female;  the  hrst  pair  of  legs  is  small  with  slender  claws,  the 
.second  pair  larger  with  broader  claws,  the  third  jiair  very  large  and 
stout  with  very  broad,  blunt  claws;  on  the  hind  tibia  there  is  usually 


a short,  pointed  process  on  the  anterior  margin;  jileural  plates  are 
present  on  the  hrst  to  eighth  segments,  they  are  well  dcA'eloiied, 
large,  overlapping,  with  the  posterior  margin  variously  toothed; 
tergites  and  sternites  ol  abdomen  well  chitinizetl,  in  the  female, 
tergites  four  to  seven  and  sternites  three  to  six  are  transversely 
divided  into  three  distinct  jilates,  the  remaining  segments  with 
either  one  or  two  plates,  each  jilate  hax'ing  a transverse  row  of 
spines;  the  males  have  a smaller  number  ol  ])lates;  in  both  sexes  the 
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anh'fior  st'k-rili.'  ol  the  tliini  stcniiti'  has  4 or  0 very  lojiff  conspicu- 
ous s])incs. 

The  yenus  Polyplax  is  characlcrizcd  l)y  liaviiifj;  li\-c-jointc(l  anten- 
nae and  no  eyes;  the  anterior  ])aii'  of  h-ys  is  small,  tlie  middle  and 
posterior  ])airs  larije;  termites  and  sternites  of  tlu'  ahdoiiH'n  are  ^vell 
cliitinized  and  some  at  least  are  di\  ided  t rans\’erselv  into  two  distinct 
])lates,  with  one  row  ot  hairs  on  eaeh  plate  (two  rows  to  eaeh  abdom- 
inal seLtment);  pleural  plates  are  ])resent  on  the  first  to  the  eighth 
segments;  in  the  inale  the  ^rd.  joint  of  the  antenna  usually  has  a 
projeetlon  apically. 

California  Ground  Squirrel  iCilcllus  hccchcy i ).-  '\'hc  common 
sucking  louse  ol  this  scjuirrel  is  Li iioyiiall/oidcs  »!0iil(ii!us  (dshorn 
(=  colitiiibiaiiiis) . 1 his  species  may  also  be  found  on  other  squirrels. 

'Idle  genus  Uuognathoidcs  resembles  Polyplax  e.xcept  that  there 
are  no  defined  well  cliitinized  tergal  and  sternal  ])lates  and  the 
third  segment  of  the  antenna  of  the  male  has  no  process. 

.\nother  sjiecies  of  sucking  louse  has  also  been  taken  off  Citcllus 
hcecheyi  namely  hiidci'lcincllns  osbonii  Kellogg  and  Ferris. 

In  the  genus  Endodeindlus  the  antennae  are  fixe-segmented; 
the  posterior  jiair  of  legs  is  large  and  heavy  with  a stout  claw,  the 
anterior  and  middle  jiairs  are  much  smaller  and  each  has  a slender, 
pointed  claw;  the  abdomen  is  without  cliitinized  tergal  and  sternal 
plates  or  with  these  plates  weakly  developed;  jileural  plates  are 
present  on  the  second  to  fifth  or  si.xth  segments;  most  of  the  abdom- 
inal segments  have  one  row  of  hairs;  on  the  third  abdominal 
segment  is  a pair  of  widely  separated  chitinous  plates.  Another 
niemlier  ol  this  genus,  Endcrlcincllus  suluralis  Osborn,  has  also 
been  found  on  a ground  scpiirrel.  Both  of  these  siiecies  have  a 
transverse  suture  running  across  the  head  just  behind  the  antennae. 
In  suluralis  the  abdominal  .segments  2 to  7 each  have  a transverse 
low  of  from  18  to  24  long,  slemler,  bluntly  pointed  hairs  arranged  in 
three  groups;  in  osbonii  the  abdominal  hairs  are  much  fewer  and 
much  shorter  and  stouter. 


Key  to  the  Families,  Subfamilies  and  Genera  of  the  Anoplura  (Adapted  from 

Kellogg  and  Ferris)* 

I.  Body  wilii  siiincs  or  hairs  in  ilcfmite  rows,  lu-vcr  with  scales;  occurring  c.xclu- 
sivclv  on  land  inaninials 

a 

* The  anoplura  and  mallophaga  of  Xorth  American  -Mammals.  I’uhlislied  by  Stan- 
ford I,  niversity,  California,  1915. 
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liody  willi  sliotl  stout  spines  or  with  spines  and  scales;  occurring  exclusively 
on  marine  mammals  (seals,  sea-lions  and  walruses) 

l''amily  Hchino[)lhiriidae . . 2 

2.  Antennae  five-segmented,  thorax  and  abdomen  bearing  scales. 

(lenus  A iiUirdoplilliinis  Endeirlen  iogmorhini)* 
•Antennae  four-segmented ,5 

3.  Thorax  and  abdomen  bearing  scales. 

(lenus  Lcpidophthinis  Knderlcin  {macrorliini) 
Thorax  and  abdomen  without  scales 4 

4.  Head  thorax  and  abdomen  beset  with  long,  heavy  spines. 

(ienus  licliinophthirus  (Hebei  (pliociie) 
Body  clothed  with  long  hairs  and  short  si)incs,  first  pair  of  legs  greatly 
reduced,  without  tibial  thumb  and  in  no  way  adapted  to  clasping. 

(fenus  J’roccliinoplilliirns  Ewing  (Jluclus) 

5.  Head  much  elongated  (tubularly  produced  anteriorly),  cylindrical  in  shape; 

tibiae  without  a thumb-like  process  opposing  the  claw. 

Eamily  Haematomyzidae 
(Containing  but  one  genus,  Ihicmatomyziis,  occurring  exclusively  on 
elephants)  (clcp/niiilis) 

I lead  not  elongated;  tibiae  with  a thumb-like  process  opposing  the  claw 6 

6.  Eyes  extremely  rudimentary  or  entirely  lacking 

Eamily  Haematopinidae.  .11 
Eyes  present,  usually  well  pigmented  (Page  145) Family  Pediculidae.  . 7 

7.  Antennae  distinctly  five-segmented  (Page  145)..  .Subfamily  Pediculinae.  .9 
.Antennae  distinctly  three-segmented  or  indistinctly  five-segmented  (on 

monkeys) Subfamily  Pedicininae.  .8 

8.  Legs  all  of  same  size Cenus  Pcdicinus  Gervais  {citrygasler) 

Aliddle  and  posterior  legs  larger  and  stouter  than  anterior. 

(ienus  Phlhirpcdicinns  Fahr.  {micropilosis) 

9.  Legs  all  of  same  size  (Page  145) (ienus  Linn,  (copitis) 

-Anterior  legs  smaller  than  the  others 10 

10.  -Abdomen  long,  segments  two,  three  and  lour  distinct  each  bearing  a pair  of 

spiracles  in  the  normal  lateral  position. 

(ienus  P/illiirpcdiciihis  FAving  (propiUteci) 
-Abdomen  greatly  shortened,  segments  two,  three  and  four  strongly  com- 
pressed so  that  the  spiracles  are  crowded  together  and  appear  to  be  in  one 
segment  (Page  149) (lenus  Phlhirtts  Leach  (pubis) 

11.  .Antennae  five-segmented ^3 

-Antennae  three-segmented Sublamily  F^uhaematopininae.  . 12 

12.  Posterior  legs  with  stalked,  disk-shaped  aiipendages  on  femur  and  tibia. 

Genus  Puliacmulopiiiiis  Osborn  (ohjiormis) 

Posterior  legs  without  ap[)endages. 

Genus  II ocmatopiuoidcs  Osborn  {squomosus) 
15.  .Anterior  legs  smaller  and  with  slenderer  claws  than  posterior  at  least. 

.Subfamily  Linognal hinae.  . 14 

Legs  and  claws  all  of  same  size  (I’age  150). 

Subfamily  I lacmatopininae  (()ne  genus  Ilacmolopuiiis  l^mich  (siiis)) 

* The  s[)ecific  name  in  parenthesis  is  the  tyi>e  of  the  genus. 
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T4.  Anterior  tarsi  with  two  joints  (n-uus  II  ypt>(>/il/nnis  I'ind.  ( Holofilid/liis) 


Anterior  tarsi  witli  i)Ut  one  joint 15 

I V Anterior  pair  i)t  lej^s  witli  two  ilaws  , . (ienus  Scipio  Cuniniinf^s  (tuiltuodi) 

Anterior  pair  of  le)4s  witli  hut  one  elaw 16 

lO.  Alalonien  with  well  (U‘velo|H'(l  |)h'ural  jilates  20 

Ahdonien  entirely  without  jileural  jilates 17 

17.  Ahdoniinal  s[iiraeles  lar^a*,  tubular,  project  in^;  froni  the  bode-  wall. 

(Ienus  Solniopolcs 

.\bdoniinal  spiracles  small,  not  projectinj^  from  body  wall iS 

iS.  (lonoj)ods  of  female  lonj^  or  moderately  lon^ 19 


(lonopods  very  short;  head  broad,  considerably  widened  behind  the  anten- 
nae; inlestiny  rabbits;  abdomen  with  but  one  row  of  hairs  or  sjiines  on  each 
segment  (Page  151b 

One  species  of  the  (ienus  Ilncniodipsiis  J'ind  (lyrioccphalits)  (in  part) 
10.  (ionopods  long,  frequently  reaching  beyond  the  e.xlremity  of  the  body; 
head  usuallc'  slender,  but  little  widened  behind  the  antennae;  abdomen 
with  more  than  one  row  of  hairs  or  spines  on  each  segment;  for  the  most 
part  infesting  Ungulates  ( I’age  150). 

(ienus  Liiiog)ialliiis  Knderlein  (pilifcnis) 
(jonopods  moderately  long,  behind  each  gonopotl  a stout,  llat,  s{)ine-lik.e 
process,  abdomen  with  but  one  row  of  hairs  or  spines  on  each  segment. 

(ienus  Ccrvophthirits  IMjoberg  {tarsnudi) 

20.  I ergites  and  sternites  of  the  abdomen  lor  the  most  part  with  more  than  one 

transverse  row  of  hairs  or  bristles 25 

1 ergites  and  sternites  of  the  abdomen  lor  the  most  part  with  but  one  row'  of 
hairs  or  brist  les 21 

21.  Leg  I smaller  than  either  II  or  III  and  with  smaller  and  more  slender  claw. 

23 

Anterior  and  middle  jiairs  of  legs  ot  the  same  size  or  subequal,  smaller  than 
the  posterior  pair  which  are  large  and  stout 22 

22.  Pairs  of  pleural  plates  five  or  less  (Page  153). 

(ienus  lindcrlcindlHS  Fahr.  ispliacroccphalus) 
Pairs  of  pleural  plates  seven.  . . .(ienus  Procudcrlciiniliis  Fiwing  (afi'icaiid) 

23.  Abdomen  with  a pair  of  chitinized  [ilates  on  the  second  or  third  sternite. 

(icuiis  P (ihrciiliolzia  Kell.  & Per.  (piitiiala) 
Abdomen  without  such  jilates 24 

24.  Occiput  deepiv  sunk  into  the  tjiora.x;  rostrum  surrounded  by  denticles; 

Jileural  jilates  (juite  large.  . . Cn'nuii  I''.idiiiog?i(il/nis  C'ummings  (dcuticuhihis) 
(Jccijnit  not  deejily  sunk  into  the  thora.x;  rostrum  not  surrounded  by 
denticles;  jileural  jilates  minute (ienus  Ilacinodipsns  (in  jiart) 

25.  Abdominal  (ergites  and  sternites  with  not  more  than  two  rows  of  hairs  or 

bristles 27 

Abdominal  (ergites  and  sternites  in  jiart  with  t hree  rows  of  hairs  or  bristles. . 26 

26.  Pleural  jilates  with  jiosterior  margin  variously  toothed,  second  jiair  of 

plates  of  same  tyjie  as  others  (Page  132). 

(ienus  Iloploplcnra  Knderlein  {araitlliopiis) 
Second  jiair  of  jileural  jilates  enormous  and  wing  like. 

(ienus  Piero phthints  Ixwing  {ahita) 
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27.  First  antennal  joint  willi  a stout  si)inc  at  the  distal  i)ost-axial  angle  or  on  the 

posterior  margin (ienus  X coluionatopiiiiis  Aljoberg  {sciuroplcri) 

First  antennal  joint  not  so 28 

28.  Abdominal  tergites  and  sternites  with  distinct  chitinized  tergal  and  sternal 

plates  (I’age  15^) (’lenus  Palyplax  End.  {spimtlosa) 

Abdominal  tergites  and  sternites  without  distinct  chitinized  plates  in  the 
female  and  with  these  absent  or  e.xtremely  reduced  in  the  male  (Page  153). 

i'lvnus  Li iioi^iuilhoidcs  Cummings  (citclli) 

Eradication 

Xits  and  lice  are  destroyed  within  thirty  minutes  Ity  hot  water 
or  dry  heat  at  55  degrees  C.,  even  when  ]:)rotectcd  l)y  a covering  of 
khaki  cloth.  If  the  temperature  is  raised  to  60  degrees  ('.  15  minutes 
will  suffice.  If,  during  the  process  of  washing  or  drying  garments, 
they  are  subjected  to  the  temperatures  and  periods  given  above, 
chemical  solutions  are  unnecessary.  The  evidence  seems  to  establish 
the  fact  that  stec])ing  for  20  minutes  in  a 2%  watery  solution 
of  equal  parts  of  crude  carbolic  acid  and  soft  soap  flysol)  is  effective 
provided  the  tem])erature  of  the  solution  is  not  below  50  degrees  F. 
( Bacot  and  Lloyd). 

Both  lice  and  nits  can  be  destroyed  by  the  immersion  of  vermin- 
ous garments  in  gasoline,  benzine,  kerosense,  turpentine,  dichlor- 
ethylenc,  or  tetrachlorethanc.  The  latter  two  are  non-inllammable. 
Danger  from  fire  when  gasolene  or  benzine  is  used  may  be  avoided 
by  the  use  of  a bath  and  extractor  as  emjiloyed  in  “dry  cleaning.” 

Fabrics  such  as  bed  clothes,  underclothing,  and  outer  garments 
may  be  baked,  boiled  or  steamed.  Both  lice  and  nits  are  killed  by 
dry  heating  to  70  degrees  C.  (158  degrees  F.)  for  10  minutes.  Dry 
heat  at  100  degrees  C.  (212  degrees  F\)  will  kill  nits  and  lice  in  about 
one  minute,  while  boiling  water  requires  but  30  seconds.  Care  must 
be  exercised  to  make  sure  that  the  desired  temperature  has  actually 
penetrated  to  the  center  of  the  material  to  be  disinfested.  Dry 
heat  does  not  jienetrate  readily. 

Where  a double  jacketed  steam  chamber  is  available,  it  should 
be  used  for  cotton  or  woolen  articles.  To  insure  iienetration  a 
vacuum  should  be  jiroduced  belore  the  steam  is  admitted.  C yanide 
gas  may  also  be  a])i)lied  in  a steam  chamber.  1 his  is  an  excellent 
method  for  destroying  lice  and  their  eggs  in  bundles  of  clothing  and 
bedding  or  in  baggage.  Use  from  143  to  285.7  ounces  to  1000  cubic 
feet.  Produce  an  initial  vacuum  of  2b  inches  and  expose  to  the 
cyanide  for  at  least  30  minutes,  h'or  baggage  an  exposure  of  one 


<>ki)i;k  .Wdi’M  k.v 


' 57 

hour  is  ht'lliT.  AttiT  i\-ni()\al  huiidlcs  should  ho  o|)('iu'd  and  airod 
as  some  ol  llu‘  tvanido  in  poisonous  (|uanlili(.‘s  may  remain  in  the 
meslu's  ol  the  i lolh  c'\'en  lliouyh  a si'eond  \;u'uum  has  hecm  |>rodueed 
to  assist  in  the  removal  ol  the  yas  Irom  tlu‘  ehamher.  Articles  made 
ot  leather,  such  as  shoes,  gloves,  hats,  etc.  mav  he  disinic'sted  hv 
cyanide  or  immersed  in  ,e:asoline  or  ki-rosene. 

In  the  ease  ot  male  persons  inlested  vith  Pcdiciilus  capitis  the 
hair  should  he  elip})ed  short.  In  the  ease  ol  kmiales  the  hair  should 
he  treated  hy  a thorough  ai)i)lieation  ol  a mi.xture  of  ecjual  parts  of 
keroseiH'  oil  and  vinegar,  covered  with  a towel  for  one  half  hour  and 
then  thoroughly  washed  with  warm  water  and  soap. 

Body  lice  are  to  he  found  in  the  clothing  particularly  the  seams. 
They  attach  their  eggs  to  the  lihres  of  the  cloth.  Rough  cloth  like 
woolen  material,  is  therelore  lavorahle  to  their  j)roj)agation,  while 
smooth  stuffs  like  silk  and  cotton  are  not. 

In  addition  to  the  treatment  of  the  clothing  of  infested  ])ersons, 
it  is  well  to  wash  the  body  with  licjuitl  soap  made  hy  boiling  soaj) 
chij)s  I })art  in  4 parts  of  water,  and  adding  2 parts  of  kerosene. 
After  this  mi.xture  jellies,  use  by  mixing  1 part  with  4 parts  of  warm 
water. 

Ironing  clothes,  particularly  along  the  seams,  with  a hot  iron  is 
useful  in  the  eradication  of  body  lice. 

Equal  parts  of  kerosene  and  a 3%  solution  of  cresol  make  an 
emulsion  which  is  destructi\'e  to  vermin. 

A good  remedy  for  j)uhic  lice  is  a wash  composed  of  i Iluid  ounce 
of  Acetic  acid  ((  .P.)  and  3 Iluid  ounces  of  1 to  3000  solution  of 
bichloride  of  mercurv. 


CHAPTER  XV HI 


ORDER  HEMIPTERA 

(The  True  Rufjjsj 

'I'his  is  a lari^e  order  of  insects  many  of  which  feed  on  the  juices 
of  ])lants  and  mav  be  serious  plant  pests;  some  are  aquatic;  some 
feed  on  insects  harmful  to  man;  some  are  blood  suckers  and  are 
extremely  annoying  or  even  dangerous  to  man. 

The  Hemi])tera  have  a suctorial  ])roboscis  arising  from  the  front 
part  of  the  head  and  folded  back  under  the  head  when  at  rest;  the 
labium  is  segmented;  wings  are  four  in  number  but  may  be  wanting 
or  vestigial,  when  present  the  hind  wings  are  membranous  and  the 
fore  wings  or  hemelytra,  are  thickened  at  the  basal  half,  the  apical 
half  being  membranous;  the  fore  wings  form  a protecting  cover  to 
the  hind  wings  which  when  at  rest  are  folded  under  them;  the  meta- 
morphosis is  incomplete. 

The  blood-sucking  Hemiptera  which  attack  man  are  found  in 
only  two  Families,  the  Cimicidae  or  true  bed-bugs  in  which  the  wings 
are  absent  or  vestigial,  and  the  Reduviidae  or  false  bed-bugs, — 
winged  members  of  the  Order.  C losely  related  to  the  Cimicidae  is 
the  Family  Polyctenidae,  the  so-called  “many  combed  bugs”  which 
are  parasitic  on  bats. 

There  are  some  very  familiar  exami)les  of  Hemiptera  which  do  not 
bite  man  but  which  may  be  very  destructive  to  vegetation.  These 
include  the  “stink  bugs”  (Family  Pentatomidae),  the  “squash  bugs” 
(I’amily  Cforeidae),  the  “chinch  bugs”  (hamily  Lygaeidae),  the 
“water  boatmen”  (Family  Corixidae),  the  “giant  water  bugs” 
f Family  Belostomatidae),  etc. 

FAMILY  CIMICIDAE 

These  arc  degenerate  parasitic  forms  of  insect  life  belonging  to 
several  genera  of  which  three  are  found  in  the  United  States,  nameh  , 
Cimex,  Occiacus  and  Ilaemalosi phon.  In  Cimex  the  j^roboscis  is 
short  reaching  lo  about  the  fore  co.xae  and  the  anterioi  margin  ol 
the  i)ronolum  is  deei)ly  sinuate.  In  Occiacus  the  proboscis  is  similar 
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in  Icni^tli  to  i'l'mcx  hut  the  anterior  niarf;in  of  the  projiotuni  is  only 
sh!j;litly  sinuate.  In  Ilacmatost phoii  tin*  |)roI)oseis  is  lonjj;  reaehiny  to 
the  posterior  co.\ae. 

Several  speeies  of  the  (ienus  C'niuw  ha\'e  been  deserihed  ol  whii  h 
Cimex  Icctularius  Linn,  and  ( '.  l/ciiii plcnis  Fahr.  (the  Indian  hedhujj;) 
are  parsites  of  man  suhsistiipy  on  man's  hlood  and  li\’in<it  and  breed- 
ing in  his  domii  ile.  Cimex  hoiieli  Hrumpt  also  is  said  to  bite  man. 
Two  other  members  of  the  genus  which  are  found  on  bats  are 
pipistreUi  Jenyns,  a European  s])eeies  and  ('.  piloscUus  an  Amerieaii 
speeies. 

(hriaens  him  mi  inns  Jenyns  and  O.  vicarins  Horv.  are  found  in 
swallows’  nests  in  Europe  and  America  rcspecti\'ely. 

Ilaemalosi phon  inodoms  Duges  is  a bug  of  ])oultry  in  Southwestern 
United  States  and  Mexico.  It  is  the  only  representative  of  the  genus. 

Genus  Cimex 

The  two  si)ecies  closely  associated  with  man  are  widely  distributed 
members  of  the  genus.  They  are  domestic  in  their  habits  feeding  on 
the  blood  of  man  and  living  and  breeding  in  the  cracks  and  crevices 
of  beds  and  other  furnitures,  and  in  the  walls  and  floors  of  houses. 
Their  wings  are  purely  vestigial  and  their  range  of  movement  is  there- 
fore limited.  Neither  do  they  live  irermanently  on  the  host  like  the 
more  j)arasitic  insects,  the  lice,  and  are  therefore  only  accidentally 
transferred  from  place  to  place  in  laundry  or  on  man’s  clothing. 
Occasionally  they  may  travel  on  foot  from  one  house  to  another  in 
search  of  food, — a matter  of  some  yards.  They  ordinarily  feed  at 
night  and  in  the  absence  of  human  blood  will  suck  the  blood  of  the 
lower  animals.  Occasionally  they  infest  the  animal  house  of  a 
laboratory. 

It  is  believed  that  the  bed-bug  may  transmit  Kala-azar.  It  has 
been  incriminated  in  the  spread  of  European  relapsing  fever  and  it  is 
l)ossible  that  it  may  rarely  carry  plague  bacilli  from  man  to  man  gix  ing 
rise  to  small  circumscribed  outbreaks  of  the  disease.  In  labora- 
tory experiments  plague  and  tuleraemia  have  been  successfully  trans- 
mitted by  the  bite  of  the  bed-bug.  This  bug  by  reason  of  its  habits 
must  have  many  opportunities  to  take  into  its  stomach  microorgan- 
isms that  may  be  circulating  in  the  blood  of  the  host,  but  because  of 
its  rather  limited  range  of  movement  it  is  jkA  so  likely  to  give  rise  to 
widesi)read  epidemics,  such  as  inight  be  produced  by  blood-sucking 
insects  with  more  migratory  habits,  as  for  instance,  mosciuitoes. 
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Hies  and  lU'as,  or  lice  wliich  arc  continually  bcinj^  transj)ortc(l  from 
place  to  ])lacc  on  the  body  ol  the  host,  bedbugs  are  important 
factors  in  destroying  sleep  and  therefore  contribute  to  nervous  strain. 

The  Adult.  Anatomy.  (Fig.  7.s)-  d'he  body  is  flattened  dorso- 
ventrally  and,  as  in  other  insects,  is  di\  ided  into  a head,  thorax  and 
abdomen. 

In  Cimcx  lectulariHs  the  head  anteriorly  is  bluntly  pointed.  It  is 
widened  out  behind  and  broadly  attached  to  the  thorax,  there  being 
no  distinct  neck  c isiblc.  At  the  broadest  part  of  the  head,  one  on 
each  side,  are  the  compound  eyes  and  just  anterior  to  these  are  the 
four-segmented  antennae.  The  basal  segment  of  the  antenna  is 
stout  and  much  shorter  than  the  others;  the  third  segment  is  the  long- 
est and  the  fourth  or  terminal  segment  the  most  slender. 

The  proboscis  at  rest  is  carried  folded  back  under  the  head  and 
prothora.x.  It  is  composed  of  a labrum,  two  mandibles,  two  maxillae 
and  a labium.  The  labrum  is  a small  flap  arising  just  dorsad  of  the 
proboscis  and  ai)parently  serving  as  a protection  to  that  organ  at  its 
origin.  The  labium  is  long  and  four-segmented,  the  last  segment 
terminating  in  a blunt  point.  It  serves  as  a sheath  to  i)rotect  the 
mandibles  and  maxillae  which  are  concealed  in  a groove  (the  labial 
gutter)  running  throughout  the  entire  length  of  its  anterior  surface, — 
that  is  its  inferior  surface  when  at  rest.  The  mandibles  are  the  true 
biting  organs.  They  lie  outside  of  the  maxillae  and  closely  invest 
them.  They  are  articulated  to  a chitinous  rod  which  runs  backwards 
to  the  posterior  part  of  the  head.  Distally  their  ends  are  pointed  and 
armed  with  a row  of  recurved  teeth.  The  maxillae  play  no  part  in 
making  the  wountl  in  the  skin  but  form  when  aj^posed  to  each  other, 
two  canals,  one  for  the  passage  of  the  salivary  juice  and  one  for  the 
passage  of  the  blood  which  is  drawn  up  by  the  action  of  the  asihra-' 
tory  pharynx.  The  latter  is  com])osed  of  two  chitinous  plates 
located  in  the  head.  It  is  ojK'rated  by  the  contraction  of  the  aspira- 
tory  muscles  which  arise  from  the  inner  surface  of  the  exo-skeleton 
of  the  head  dorsally  and  laterally  and  which  when  in  action  draw 
the  dorsal  i)late  away  from  the  ventral  plate  thus  sucking  the  blood 
up  from  the  wound  in  the  skin. 

d'he  j)rothorax  is  the  most  conspicuous  of  the  three  thoracic  seg- 
ments. Its  anterior  margin  is  concave.  Its  lateral  borders  where 
the  tergite  and  sternite  meet  are  thin  and  sharp,  strongly  convex 
and  are  j)ro(luced  forwards  into  ])rominent  angles  which  reach  on  each 
side  to  or  almost  to  the  eye.  'Phis  segment  is  convex  dorsally  and 
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C’iiiifx  lc<Ji<I(in'iis,  female,  ventral  and  dorsal  view. 
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tlattcDcd  vcntrally.  The  mesonotum  may  be  observed  just  back  of 
the  ])ronotum  as  a small  triangular  area,  behind  this  is  the  metano- 
tum  which  is  almost  concealed  by  the  elytra,  the  vestiges  of  the  first 
pair  of  wings,  ddie  elytra  are  articulated  to  the  lateral  portions  of 
the  mesothora.x  and  contain  many  feathered  hairs.  Ventrally  the 
mesosternite  can  be  seen  as  a smooth  transverse  plate  back  of  which 
is  another  plate,  the  metasternite.  At  the  posterior  border  of  this 
sternite  one  finds  the  opening  of  an  organ  of  special  sense.  7'he  stink 
glands  which  lie  ventrally  and  posteriorly  in  the  thoracic  cavity, 
open  on  each  side  of  the  thorax  between  the  bases  of  the  second  and 
third  legs. 

'J'he  legs  are  composed  of  a coxa,  trochanter,  femur,  tibia  and 
three  tarsal  segments  of  which  the  first  is  very  small.  The  last 
segment  terminates  in  a pair  of  claws.  At  the  apical  end  of  the 
tibiae  is  a tuft  or  comb  of  line  hairs.  The  lines  of  demarcation 
between  the  tarsal  joints  are  not  well  marked. 

The  abdomen  is  rounded  and  is  made  up  of  ten  segments,  only 
eight  of  which  are  plainly  discernible.  It  is  widest  at  about  the 
third  segment.  The  female  abdomen  is  more  rotund  and  less 
pointed  posteriorly  than  the  male.  The  gth.  and  loth.  segments 
are  greatly  modified  because  of  their  relation  to  the  genital  orifice 
and  the  anus.  liach  consists  of  two  small  sclerites  situated  ven- 
trally. Between  the  scrcrites  of  the  gth.  segment  is  the  genital 
orifice  and  between  the  sclerites  of  the  loth.  segment  is  the  anal 
orifice. 

Some  authorities  believe  that  the  genital  orifice  is  used  only  in 
oviposition  and  not  in  copulation.  In  the  fourth  sternite,  to  the 
right  of  the  median  line,  may  be  seen  a triangular  incision  which 
indicates  the  position  of  the  ojiening  of  the  organ  of  Berlese  or 
copulatory  jiouch.  This  may  be  the  opening  into  which  the  penis 
is  inserted  during  coiiulation  and  the  sjiermatozoa  injected. 

The  body  of  a bedbug  is  generously  su]i]fiied  with  small  serrated 
hairs  and  there  is  a stigmatic  oiiening  on  each  side  of  the  unmodified 
abdominal  segments. 

Alimentary  Tract.  Blood  coming  uj)  the  food  canal  lirst  enters 
the  buccal  cavity,  a small  membranous  pouch,  and  then,  passing 
through  the  as])iratory  iiharynx,  enters  the  oesophagus  which  joins 
the  stomach  at  the  jiosterior  end  ol  the  thorax.  There  is  no  pro\  en- 
triculus.  The  stomach  is  in  two  ])arts  ol  which  the  anterior  portion 
or  cardia  is  the  wider  and  contains  a number  of  constrictions.  It 


passes  hai'kwards  to  the  posterior  laid  of  tlu‘  ahdoiiu'ii  where  there  is 
a marked  eonstrielion  ser\'iipu;  as  a \a!\'e  and  markinif  tlie  Ix’Ltinnin^ 
ol  the  second  portion  ol  the  stomach  which  is  lon/^er  tlian  the  cardia. 
Its  diameter  is  xairiahle  and  it  lie's  coih'd  in  the  postei'ior  part  of  the 
iihdomen.  I lu'  hind  Ltut  is  short  and  ends  in  a i‘elati\'el\’  larne 
re'etum  at  the'  anterior  end  ol  which  (.'mptv  se])arately  the  four 
Malpitthian  tubules,  an  unusual  arranyenu'iU.  'There  are  no 
rectal  pa])illae. 

I lieu'  i>  one  i)air  ol  salix'ary  ttlands  located  at  the  anterior  end 
ot  the  stomach.  After  leaviny^  the  ydands  each  duct  communicates 
with  a salivary  re.servoir  lyinyr  on  either  side  of  the  oesophayms,  and 
then  passi's  forward  to  thi'  salix’arv  j)um]). 

Eggs  and  Immature  Forms.  'The  eggs  are  white  and  o^•al  with 
a sinall  projecting  rim  at  one  end  surrounding  the  op,erculum.  They 
are  cemented  to  the  surface  on  which  they  are  deposited.  One 
temale  may  lay  as  many  as  150  eggs  or  more  in  batches  of  from  6 
to  50.  It  reciuires  7 to  10  days  for  the  eggs  to  hatch  in  warm  weather. 
Longer  periods  are  required  in  cold  weather.  The  metamorphosis 
IS  ineomj)lete.  There  is  no  pui)al  stage  and  the  young  from  the  time 
of  emergence  from  the  egg  resemble  very  closely  the  adult  forms 
e.\ce})t  that  the\  aie  j)ale  in  color,  smaller  and  the  various  regions  of 
the  body  diller  in  proportions.  The  young  grow  to  adults  after 
five  successi\-e  moultings  over  a jieriod  of  7 to  10  weeks  or  more, 
the  color  becoming  darker  and  darker  until  fully  grown.  Hedbugl 

are  capable  of  living  perhajis  for  a year  and  for  long  ])eriods  without 
tood. 


C'L.V.SSITICAJ'KJX 

Family  Cimicidae.  'The  head  is  short  and  broad;  the  jiroboscis 
IS  carried  in  a groove  on  the  ventral  surface  of  head  and  thora.x; 
ocelh  are  absent;  wings  are  vestigial;  the  elytra  are  short  and  broad 
leaving  most  of  the  abdomen  uncovered;  the  tarsi  are  three  jointed. 

lo  this  Tamily  belong  the  following  (ienera:  Ciiiiex,  (hriacus, 
C acodnius,  11  (icuuilosi phon  and  Loxdspis. 


Genus  Cimex 

fSynon}-ms,  - Acanlhia,  KliiiopJ/ilos,  Cli)iocoris) 

In  this  genus  the  head  is  short  and  broad;  the  antennae  are 
jointed  the  Iasi  two  joints  slender;  the  prothora.x  is  coneaxa'  in 
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with  its  anterior  anj^lcs  considerably  extended;  the  elytra  are  rudi- 
mentary and  overlie  the  metathorax;  the  abdomen  is  uncovered  and 
consists  of  ei.i^ht  visible  seftments,  the  lefts  are  slender;  the  anterior 
tibia  are  more  than  twice  as  lonjt,  the  ])osterior  tibiae  three  times  as 
lony  as  the  tarsi,  which  are  three  jointed. 

Ciiiicx  Icclidaris.  In  this  sj)ecies  the  lateral  projections  anteriorly 
are  rounded  and  extend  up  to  the  eyes;  the  dorsum  of  the  i)rothorax 
is  convex  in  the  middle  })ortion  with  the  outer  lateral  portions  flat- 
tened; the  abdomen  is  widest  at  the  third  segment. 

'I'his  insect  is  cosmoi)olitan  in  its  distribution  although  in  tropical 
countries  it  may  be  rej)laced  by  the  next  species. 

Cimex  hcmiptcrus.-  In  this  insect  the  convexity  of  the  prothorax 
extends  to  the  margins,  the  lateral  llattened  area  being  inconspicu- 
ous; the  abdomen  is  less  orbicular  and  is  widest  at  the  second  abdo- 
minal segment. 

This  is  a common  bedbug  of  the  tro])ics  and  subtropics. 

FAMILY  REDUVIIDAE 

The  Reduviidae  are  wdnged  Hemii)tera  called  “assassin  bugs" 
because  they  are  j)redacious,  sucking  the  blood  of  other  insects. 
Some  however  prefer  the  blood  of  warm-blooded  animals  including 
man  and  are  therefore  important  from  the  standpoint  of  preventive 
medicine. 

All  members  of  the  family  have  a long,  narrow  head  with  a 
distinct  neck;  the  antennae  are  long,  slender  and  four-segmented; 
the  eyes  are  large  and  prominent;  ocelli  are  usually  present;  the 
proboscis  is  three-segmented,  bent,  and  folded  back  under  the  head 
when  at  rest  as  in  the  other  Hemiptera;  the  legs  are  long  and  the 
tarsus  three-jointed,  the  prothorax  is  strongly  developed  and  wings 
are  present. 

d'he  genus  Conorlnnus  (cone-nosed  bugs)  contains  the  blood- 
sucking species. 

Rcdiivius  personalus  is  of  interest  because  it  preys  upon  the  bed- 
bug thus  securing  the  blood  of  man  indirectly  and  in  a manner  less 
irritating  to  the  human  host. 

familiar  e.xamplc  of  the  family  Reduviidae  is  the  “wheel  bug” 
{Arilns  crislalus)  which  has  a i)rominent  dorsal  ])rojection  on  the 
])rothorax  somewhat  the  shape  ol  a cog-wheel. 

No  doubt  all  of  the  members  of  the  family  can  bite  if  given  the 
opportunity  but  most  of  them  do  so  only  through  accidental  contact. 
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Genus  Conorhinus 

(Synonym  Trialoma ) 

L'oiiorliiiins  ))i('!^islns. — 'Diis  is  a laryc  huji;  of  lirazil.  It  is  J5 
mm.  or  more  in  Umytli,  hhu'k  in  color  with  rcymiarly  arran<;c<l  red 
markinris  on  wini^s,  jirotliorax  and  abdomen.  It  is  domestic  in  its 
habits  layintf  its  e,utts  in  cracks  and  holes  in  walls  of  inhabited  houses. 

hatch  in  from  25  to  50  days.  'The  youn;^  are  winjtless.  ('om- 
plete  strowth  takes  almost  a year,  ddie  adidts  are  powerful  Iliers. 
.Ml  staLjes  bite  man.  'I'hey  bite  at  ju'ydit  ])rinci])ally  on  the  face, 
('hildren  are  most  frequently  bitten.  nicgislHS  is  a carrier  of 
Srl/izolrypaiiiii)!  cruzi  which  is  the  cause  of  South  American  try])o- 
nosomiasis  (Chap.  XXX).  This  trypanosome  passes  part  of  its 
life  history  within  the  body  of  the  insect. 

Coiioi'hiiiKs  saiiiiuisiiya.-  'l'hh  is  the  Me.xican  or  Te.xas  bedbu";. 
It  is  20  to  25  mm.  in  length.  It  has  become  a vicious  biter  of  man 
although  it  seems  that  in  the  past  it  preferred  to  suck  the  juices  from 
the  common  bed-bug  and  so  has  acquired  a taste  for  human  blood. 
It  is  a dark  brown  bug  with  ])ink  markings. 

Conorhinus  ruhrofasciatus  is  a bug  of  India  which  has  spread  to 
South  .America.  It  has  been  suggested  as  a carrier  of  kala-azar. 
It  is  dull  brown  in  color  with  markings  on  the  i)ronotum  and  with 
dusky  yellow  or  brick  red  eh'tra. 

Eradication 

bedbugs  are  very  frequently  difficult  to  exterminate,  esjiecially 
in  situations  where  there  are  numerous  cracks  and  crevices  in  which 
they  may  lurk.  These  are  tre(|uently  overlooked,  or  it  mav  be 
ditlicult  to  reach  the  bottom  of  the  crevice  with  the  insecticide. 
Perseverance,  hinvever,  will  usually  jiroduce  the  desired  results. 
The  insecticide  should  be  aiijilied  several  times  at  intervals  of  to 
4 days,  so  that  any  young  wdiich  may  have  escaped  destruction  in 
the  eggs  will  be  subseciuently  killed. 

Fumigation  with  either  cyanide  or  suliihur  is  efficacious,  but  the 
lormer  is  dangerous  and  should  only  be  used  by  one  exjierienced  in 
the  process.  Suliihur  may  be  used  without  danger  but  it  must  be 
remembered  that  sulphur  gas  in  the  presence  of  moisture  is  liable  to 
tarnish  metals,  discolor  jiainted  surfaces  or  bleach  and  weaken 
labrics.  .Mattresses  and  bedding  should  be  hung  in  the  I'oom. 
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lUiicau  drawers  should  I)e  oj)ened.  All  cracks  around  doors  should 
l)c  sealed  and  windows  titflulv  closed. 

Four  pounds  of  suli)hur  for  each  thousand  cubic  feel  should  be 
burned  in  a pot  surrounded  by  water  in  a tub.  The  pot,  however, 
ma\  be  placed  directly  on  an  iron  deck.  The  e.xposure  should  be 
about  si.x  hours. 

Man_\  solutions  have  been  suggested  for  the  e.xtermination  of 
bedbugs,  and  probably  all  of  those  mentioned  are  satisfactory  pro- 
vided they  are  ai)j)lied  thoroughly.  Both  kerosene  and  gasoline 
are  ellective  against  the  insects  and  their  eggs,  d'hese  may  be 
aj)plied  by  a brush  or  an  atomizer,  always  keeping  in  mind  their 
inflammable  nature. 

Mi.xtures  of  equal  j)arts  of  kerosene  and  95%  j)henol  or  kerosene 
containing  5^0  oi  cresol  will  give  satislactory  results  when  properly 
applied. 

A mixture  ol  ecpial  parts  of  turi)entine  and  95%  phenol  has 
been  used  successfully.  All  mi.xtures  must  be  aj)plied  la\’ishlv  with 
paint  or  \ arnish  brushes,  using  a small  brush  for  cracks  in  woodwork. 

Bunk  or  bed  si)rings  and  pipe  frames  may  be  thoroughly  heated 
by  gasoline  torch.  Boiling  water  is  efficacious  if  it  reaches  the  right 
spot.  Mattresses  may  be  treated  with  flowing  steam  applied  with  a 
steam  hose  on  deck  or  on  a fireroom  or  engine-room  grating.  After 
this  treatment  they  should  be  dried  in  the  sun  and  treated  liberallv 
with  a strong  solution  of  bichloride  of  mercury  (saturated  solution), 
which  should  be  applied  especially  to  the  seams  and  ticking  holes 
and  allowed  to  dry. 

It  must  be  remembered  that  the  cracks  in  walls  and  floors  may 
harbor  bedbugs  as  well  as  the  bed  or  other  furniture. 

Other  formulae  which  are  recommended  as  agents  to  kill  bedbugs 
are  as  follows; 

Oil  of  mirbane,  ^4  ounce. 

C’rystallized  carbolic  acid,  i '2  ounces. 

Kerosene  (or  benzine),  qz  ounces. 

.\dd  the  oil  of  mirbane  to  the  kerosene;  stirring  slowly;  liciuefy 
carbolic  acid  crystals  by  standing  container  in  hot  water,  d'lien  add 
to  the  mixed  oils,  stirring  rapidly. 

d’his  mixture  should  l)e  introduced  into  all  crevices  with  feathers, 
small  brushes,  or  small  s])ray  syringe,  as  a rosebush  syringe,  which 
may  be  j)urchased  at  a seed  store.  .\  cheap  atomizer  gi\es  very 
satislactory  results. 
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l-'or  list'  in  niattresscs  and  hrds  tlu-  loIIo\vin,<f  may  l)i‘  used: 

Sodium  chlorid  (common  sail),  '2  ounce. 

Hichloridc  of  mercury  (corrosi\'e  suhlimale)  } j ounce. 

Water,  3 ounces. 

.\lcoliol,  2 ounces. 

Spirits  of  tur]>enline,  6 ounces. 

Steam  disinfection  is  the  best  treatment  for  luatlresses.  II  a 
strong  solution  of  corrosix'e  sublimate  is  used  as  an  e.xpedient  it  should 
be  borne  in  mind  that  the  amount  of  mercury  volatili/,in^  from  the 
bichloride  at  room  temperature  may  be  sufl'icient  to  cause  symptoms 
of  mercurial  ])oisoninif. 

It  is  reported  from  the  Sanitary  Corps  of  the  Armv  that  bedbu^>js 
have  beeii  eradicated  from  oflicers’  barracks  by  the  use  of  heated 
air.  The  barracks  buildinif  should  be  treated  as  a whole.  .Ml  out- 
side doors  and  windows  should  l)e  tightly  closed  and  inside  doors 
left  o])en.  Thermometers  should  be  i)laced  here  and  there  in  the 
room  on  a level  with  the  eye  so  that  the  temj)erature  may  be  deter- 
mined. The  steam  radiators  should  be  turned  on  and  the  heat  from 
this  source  su])plemented  by  small  oil  stoves  placed  in  each  room. 
Fans,  installed  near  the  ceiling  and  i)ointed  downward  should  be 
allowed  to  revolve  at  slow  speed  so  that  as  much  of  the  heated  air  as 
possible  will  be  kei)t  at  the  lower  level  where  it  is  needed.  tem- 
perature of  140°  !■'.  can  be  reached  in  the  lower  parts  of  the  room  while 
at  the  ceiling  it  is  much  higher.  It  has  l)een  found  that  a tempera- 
ture of  125  to  130°  is  sufficient  to  kill  bedbugs  and  their  eggs.  Occa- 
sionally the  procedure  will  have  to  be  repeated.  Mattresses,  bedding 
and  clothing  should  be  distributed  so  that  penetration  of  heat  will  be 
facilitated.  Nothing  should  lie  hung  near  the  stove  because  of  the 
danger  of  lire,  .\nticipating  such  an  occurrence  lire  e.xtinguishers 
should  be  at  hand  and  any  material  jiarlicularly  inllammable  should 
be  removed,  d'he  exposure  should  be  six  hours.  Naturally,  in 
summer  the  reciuired  tenijierature  is  more  easily  reached  than  in 
winter. 
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ORDER  ORTHOPTERA 

(Roaches) 

Roaches  are  insects  belonging  to  the  order  Ortho})tera,  family 
Rlattidae.  There  are  a number  of  genera  coming  within  this  family, 
the  members  of  which  are  mostly  wild.  They  are  related  to  the 
crickets.  At  least  four  species,  have  become  domesticated  and  have 
been  household  ])ests  for  many  years;  all  are  found  in  the  United 
States.  The  domesticated  species  are  as  follows: 

1 he  oriental  roach  (Blatta  oricnlalis) . This  is  a common  roach 
in  Europe  as  well  as  in  this  country.  It  is  a large  species,  very  dark 
in  color,  and  sometimes  called  in  Europe  the  '‘black  beetle.” 

The  German  roach,  or  Croton  bug,  A European  species,  small 
in  size  (Blallclla  gcrmanica) . 

The  Australian  roach,  a native  of  Australia  {Pcriplaneta  austra- 
lasiae).  This  may  be  differentiated  from  the  others  by  the  brighter 
and  more  definitely  limited  yellow  band  on  the  back  between  the 
head  and  wings  and  by  the  yellow  markings  on  the  sides  of  the  upper 
wings. 

The  American  roach  of  subtrojiical  and  trojiical  America  (Peri- 
planeta  amcricana) . 

Cock  roaches  are  brown  or  dark  brown  in  color;  the  liody  is 
rather  broad  and  flattened  dorso-ventrally ; the  head  is  bent  under  the 
body  and  the  mouth  parts  are  directed  backward,  the  eyes  downward. 
The  antennae  are  very  long  and  slender,  'fhe  insects  have  two  pairs 
of  wings,  the  outer  pair  being  leathery.  In  some  species  the  females 
are  almost  wingless,  notably  the  oriental  cock-roach.  The  mouth 
parts  are  well  develojied  masticatory  organs.  Metamorphosis  is 
incomplete.  The  eggs  are  not  laid  separately,  but  arc  gathered 
together  within  the  abdomen  and  inclosed  in  a horny  capsule,  which 
is  then  deposited  in  dark  cracks  and  crevices.  When  the  eggs 
develoj)  the  cajisule  is  sj)lit  and  the  young  emerge.  The  egg  capsule 
is  often  carried  by  the  mother  until  the  eggs  are  about  reatly  to 
hatch.  Newly-hatched  insects  resemble  the  adult  forms  very  closely, 
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and  pass  through  a variable'  mnnl)t'r  of  molls.  It  ])rol)al)ly  lakes 
from  si.\  months  to  a year  to  reach  full  development,  de])ending  upon 
the  s])eeies. 

Roaches  of  different  species  are  rarely  found  together,  although 
roaches  of  the  same  s]>ecies  live  together  on  very  amicable  terms. 

Ordinarily  not  more  than  one  generation  per  year  is  produced. 
Reproduction  occurs  principally  during  the  warm  weather,  as  roadies 
are  jiarticularly  sensitive  to  cold,  d'he  abundance  of  roaches  is 
apjiarently  not  accounted  for  so  much  by  rapidity  of  multiiilication 
as  by  very  unusual  ability  to  preser\’e  ttiemselves  from  ordinary 
means  of  destruction. 

They  are  nocturnal  in  habits  and  their  numbers  are  often  not 
realized  unless  they  are  surprised  in  their  midnight  feasts.  During 
the  day  they  conceal  themselves  wherever  jirotection  from  natural 
enemies  and  from  light  is  afforded.  Because  of  their  shajie  they 
can  sciueeze  into  very  small  crevices.  Occasionally  they  migrate 
and  this  accounts  in  part  for  the  way  in  which  new  houses  and 
offices  are  invaded.  They  are  also  trans]iorted  with  sujijilies.  When 
surprised  they  seek  shelter  with  a scurrying  gait,  and  usually  escape. 

They  are  practically  omnivorous.  The  mouth  parts  and  jaws 
arc  strong,  enabling  them  to  cat  all  sorts  of  substances-  dead  animal 
matter,  cereals,  and  in  fact  any  form  of  food  material,  woolens, 
leather,  and  cloth  or  leather  bookbindings.  Occasionally  they 
turn  cannibal.  Probably  dead  roaches  frequently  disappear  in 
this  way. 

Anatomy  of  the  Mouth  Parts.  (Fig.  73). — Heretofore  all  of 
the  insects  studied  have  had  in  the  adult  state,  suctorial  mouth 
parts.  'I'he  roach  is  provided  with  masticator}'  mouth  ])arts  and  it 
is  probable  that  the  .specialized  proboscis  of  the  sucking  insects 
like  the  Diptera  has  evoh-ed  from  the  masticatory  type. 

.\  study  of  the  mouth  j)arts  of  the  roach  shows  it  to  l)e  made  uj)  of 
three  pairs  of  apjicndages  namely,  mandibles,  maxillae  (ist.  ma.xillae), 
and  labium  (2nd.  ma.xillae),  which  are  ada])ted  either  to  cutting  or 
to  holding  solid  food  in  the  act  of  mastication. 

The  anterior  llattened  prolongation  of  the  head  is  known  as 
the  clypeus,  articulated  to  which  is  a llai)-like  i)rocess  the  labrum 
really  an  extension  of  the  integument  covering  the  cly])eus. 

Behind  the  labrum  are  two  stout,  cur\-ed  mandibles,  d'hev  are 
broad,  serrated  blades  attached  to  the  gena  (the  lateral  part  t)f  the 
head  beneath  the  eye)  by  a joint  which  permits  of  free  mox'ement 
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towards  the  median  line.  When  they  are  brought  together  they 
serve  as  a ])air  ol  ])owertul  jaws.  In  the  ()rthorrhaj)hous  Hies  like 
the  1 ahanidae,  tlie  mandil)les  liave  become  s])ecialized  into  elon- 
gated, llat  cutting  organs.  In  the  ('yclorrhai)hous  Hies  the  mandi- 
bles have  disa])j)eared. 

Behind  the  mandibles  are  the  niaxillac  (1st.  maxillae)  which  are 
attached  to  the  inferior  margin  of  the  head.  The  basal  joint  the 
cardo—xs  elongated  and  directed  transversely  to  the  axis  of  the  head. 
The  second  joint  the  .s77>c.v  is  articulated  to  the  first  at  right 


Fl<;.  74. — Month  parts  of  a cockroach,  Farcohlatta  pennsylvanica  (the  common 
wood-roach  of  the  United  States).  A.  labrum;  B,  mandible;  C,  hyi)opha*rynx : D, 
maxilla;  E,  labium;  c,  cardo;  k.  (of  maxilla),  galea;  g (of  labium),  glossa;  1,  lacinia; 
Ij),  labial  paljms;  m,  mentum;  mp,  maxillary  ijaljms;  4),  paraglcjssa;  pf,  palpifcr;  pg, 
jjalpiger;  s,  stipes;  sm,  submentum;  B,  D and  E are  in  ventral  aspect.  (From  Folsom’s 
“Entomology,”  3rd.  Edition.) 


angles.  Its  outer  distal  angle  bears  a five-jointed  paljms-  the 
maxillary  palpus.  Terminating  the  stijies  are  two  jirocesses.  The 
anterior  and  outer  the  ga/ca  is  soft  and  jirobably  sensory  in 
function,  d'he  jxislerior  and  inner  jirocess  the  lacinia—  is  a cutting 
blade  with  a toothed  inner  edge.  The  jiiercing  maxillae  of  the 
Orthorrhajihous  Hies  together  with  their  jialjii,  are  homologous  with 
the  rst.  maxillae  of  the  cockroach.  In  the  ('yclorrhajihous  Hies  the 
1st.  maxillae  ha\'e  disaiijieared,  and  the  jiroboscis  has  evoh'ed  Irom 
the  labium  or  ’nd.  maxillae. 
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In  tlu'  roarh  the  hthium  (jiid.  maxillae)  is  composed  of  two 
nii'dian  i)lati‘s,  imomplelely  separated.  'I'ln*  plat(‘  Ix'liind  is  known 
as  the  snhi>!<')iliii)!,  that  in  Iront,  as  the  niciilin)!.  dd'rminatinj^  the 
mentum  is  a hilohed  pieie  ll/c  I'kieh  lolx'  ayain  di\i<h“s 

longitudinally  into  two  portions  tlu‘  outer  of  which  is  known  as  the 
piirui^/ossti . Ht'tween  the  mentum  and  the  liit;ula,  on  each  outer 
edge,  tlu-re  arises  a three-jointed  palpus  the  Idbial  palpus.  It  is 
liom  tln‘  labium  that  tlx*  ju'oboseis  ol  tlu“  ( ’\'clorrlia])hous  flies  has 
priiu'ipally  develo|)ed.  It  is  also  ri'tained,  greatly  modified,  in  the 
( frthorrhaphous  flies,  as  the  labium  and  labellae. 

1 he  Diouth  opening  of  the  roach  lies  between  the  labrum  above,  the 
labium  bi'low  and  the  mandibles  ami  ist.  maxillae  laterallv.  1 he 
mouth  leads  into  the  bKccai  cavily,  the  roof  of  which  is  formed  by 
the  cpi pliaryii.v,  and  the  floor  by  the  l/ypo pharvii.x-.  A chitinous 
elevation  in  the  hypopharynx  is  known  as  the  liiiyiia  and  beneath 
this  is  the  opening  of  the  salivary  duct. 

In  the  in.sects  previously  studied  the  long,  slender  labrum- 
e]:)ipharynx  and  hy{)oj)harynx  are  merely  prolongations  of  the 
homologous  structures  in  the  roach. 

Internal  Anatomy.  I he  ocsopl/ayns  which  communicates  with 
the  biRtal  cavity  by  a small  opening,  passes  through  the  neck 
and  thorax,  gradually  widening  into  a crop  which  lies  in  the  abdomen. 
The  provcutricidus  which  se])arates  it  from  the  stomach,  is  a thick 
walled,  i)ear-shaped  organ.  Its  chitinous  lining  is  elevated  into 
six  broad  teeth  between  which  are  smaller  tooth-like  ridges.  The 
stomach  or  vcutricidus  is  a wide,  elongated  tube,  the  anterior  end  of 
which  is  provideil  with  seven  or  eight  diverticula,  d'he  Malpighian 
tuludcs,  20  or  more  in  number,  einjity  into  the  intestine  at  its  junction 
with  thestomach.  I he ////c.s7///c  has  been  divided  into  the  ilium, colon 
and  the  rcclnm  in  which  may  be  seen  the  six  socalled  rcclal  glands, - 
ridges  projecting  into  its  interior  and  well  supplied  with  tracheae. 

1 he  salivary  glands  two  in  number  lie  on  either  side  of  the  oesoph- 
agus and  croj).  'I'hey  are  about  one  fourth  of  an  inch  long,  d’heir 
ducth  unite  beneath  the  suboesophageal  ganglion  into  a common 
duct  whidi  empties  into  the  floor  of  the  buccal  cavity  beneath  the 
lingua.  I here  are  also  two  salivary  receptacles  which  are  elongated, 
oval  .sacs  situated  at  the  end  of  a long  duct,  d'he  ducts  from  the’ 
sacs  unite  with  each  other  and  then  with  the  ducts  of  the  salivary 
glands  to  form  the  eommon  duct,  d'he  ducts  of  glands  and  receptacles 
are  lined  with  chitin  arranged  spirallv. 
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Roadies  l)y  preference  infest  liakeries,  kitchens,  pantries,  store- 
rooms and  toilets.  'Fhey  follow  water  and  drain  jiipes. 

Roaches  are  a sanitary  menace,  because  they  are  potential  car- 
riers of  infection  mechanically  by  means  of  their  feet  and  bodies. 
They  soil  everythin";  they  come  in  contact  with,  leaving  a nauseous, 
roachy  odor.  It  is  thought  that  the  roach  is  the  intermediate  host 
for  a tape  worm  iDavainca  madagascariensis)  which  has  been  found 
in  man.  Roaches  also  act  as  the  intermediate  host  of  the  Nema- 
tode Gongylonema,  which  is  associated  with  cancer  of  stomach  of 
rats. 

The  total  elimination  of  roaches  is  difficult.  Scrupulous  cleanli- 
ness and  the  keeping  of  food  and  food  remnants  in  places  inaccessi- 
ble to  the  roach  is  of  jirime  importance.  All  unnecessary  corners, 
cracks  and  imperfections  in  the  structure  of  the  building  which  favor 
breeding  or  furnish  hiding  places  must  be  eliminated  or  treated  with 
roach  poison. 

Eradication 

The  best  poison  is  sodium  fluoride.  Sodium  fluoride  jiowder 
must  be  liberally  sprinkled  or  blown  by  means  of  a powder  blower 
into  corners,  drawers,  closets  and  other  places  of  concealment. 
It  must  be  distributed  in  such  a way  that  it  will  not  be  swept  up  or 
removed.  It  should  be  allowed  to  remain  and  act  for  weeks  at  a 
time.  It  can  be  sprinkled  along  the  back  parts  of  shelves  and  out  of 
the  way  in  the  recesses  of  drawers,  in  file  cases,  etc.  This  substance 
is  not  injurious  to  books  or  other  materials.  It  fornis  the  basis  of 
most  roach  })owders  on  the  market.  The  roaches  walk  in  it  and  then 
lick  it  off  their  feet. 

Large  numbers  of  roaches  may  be  destroyed  in  })laces  heavily 
infested  by  means  of  traps.  A simj^le  form  of  trap  consists  of  a deej) 
smooth  basin  or  jar  with  a stick  leading  up  to  the  top  as  a runway 
from  which  they  slip  into  the  trap.  The  trap  may  be  baited  with 
mucilage  or  sweetened  meal  or  other  food  material. 

A dish  containing  i i)art  of  dry  and  thoroughly  powderetl  ])laster 
of  paris  to  3 or  4 jiarts  of  flour  well  mi.xed  may  be  placed  near  a dish 
of  water.  The  insects  eat  the  mi.xture,  become  thirsty  and  drink. 
The  water  sets  the  ])laster  of  Paris  which  then  clogs  the  intestines. 

These  expedients  will  destroy  large  numbers  of  roaches  in  suitable 
jilaces,  but  gradual  elimination  of  the  insects  by  means  of  sodium 
lluoride  properlv  distributed  is  the  most  ellective  measure  in  the  long 
run  and  the  one  most  generally  ])racticable. 
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Arsenic  does  very  litlle  |j;oo(l,  as  roaches  are  wary  and  shun  ihc 
poison  bait.  Pliosphorus  lias  been  used  successtully  in  the  shapt'  ol  a 
])aste.  'riiis  may  be  ])urcliased  as  a ])roprietary  preparation.  Pure 
borax  is  at  times  used  witli  i^reat  success.  It  may  be  used  alone  or 
in  a mi.Kture  consisting  of  i ])art  of  ])owdered  bora.x  and  3 parts  ol 
finely  pulverized  chocolate,  freely  sprinkled  around  inlested  places, 
l-'umigation  by  hytlrocyanic-acid  gas  or  by  suljihur  dioxide  will 
destroy  roaches.  Fumigation,  however,  may  not  destroy  the  eggs, 
which  subsec|uently  hatch  making  a second  fumigation  necessary. 

('arbon  bisulphide  is  also  of  value  as  a gaseous  insecticide,  but  it 
must  be  used  with  caution  as  it,  like  hydrocyanic-acid  gas,  is  poison- 
ous to  human  beings  and  domestic  animals. 

k'lowers  of  sulj'ihur  used  in  the  same  way  as  sodium  lluoride  will 
act  as  a rejicllant  but  is  not  nearly  so  satisfactory  as  the  lluoride. 
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lo  this  ( lass  belong  the  spiders,  scorpions,  mites  and  a few  other 
less  imj^ortant  groups.  J he  s])i<lers  and  scorpions  are  not  parasitic 
and  are  only  trouble.some  to  man  by  reason  of  the  l)ite  or  sting  which 
they  may  be  capable  of  giving  through  the  mouth  parts  (chelicerae), 
or  a special  stinging  apparatus  as  in  the  tail  of  the  scorpion.  The 
members  of  the  class  which  are  far  more  imi)ortant  from  the  stand- 
point of  medical  entomology  belong  to  the  Order  Acarina,  or  mites,  a 
numbei  ot  which  are  parasitic  and  cause  disease  through  infestation  or 
b\  actualK  cai  rying  tlie  causati\'e  agent  ot  disease  from  one  animal 
to  anothei . In  the  following  table  only  those  mites  are  mentioned 
which  in  one  way  or  another  iiroduce  jiathological  reactions  in  man 
with  more  or  less  frecjuency.  It  must  be  remembered,  however, 
that  there  aie  other  mites  which  will  occasionallv  be  found  on  man 
and  which  may  actually  bite  him. 
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Argasiclac. 


I.xodoidca . , 


(Relapsing  fever  ticks) 


-Mountain 


Sarcoptoidea . 


'I'yroglyphidae. 


CiE.ves  Species 

( >niil/iodoros  mouhata 
Oniithodoros  savignyi 
( )niilhodoros  liiriaita 

j ( >niiiliodaros  talaje  J 

■ I.xodidae Dcrmaccntor  undersoiii  (Rockv 

spotted  fever  tick) 

Demodicoidea.  . Dcmodecidae. . . Demodex  follicidonim  (Follicle  IMite) 

.Sarcoptidae Sarcoptes  seabed  (Itch  mite) 

1 arsonemidae.. . . Pcdieidaidcs  voitrieosits  (Straw  itch  mite) 

I iUyeiphagHs  domcsticiis  (in  sugar,  cause  of 
I grocers  itch)  also 

j Tyroglyphid  mites  in  Hour  and  other  food 
1 stuffs. 

Lipoityssiis  hacoti  (a  rat  mite) 

Dermanyssus  gaUiuac  (a  poultry  mite) 

M iendronihidiuni  piisillum  (a  chigger  of 
Furope) 

1 1'oinhicida  aka»iiislii  ('rsutsugamushi  fe\'er 
mile  of  Japan) 

'l'r<ii)ihi(u/a  irri/aiis  (C’higger  of  -Me.xico  and 
I tile  fnited  Stales) 

l•.upodidae Tydeus  niolrstiis  (may  attack  man  similar  to 

chigger) 
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I’arasitoidea. 

((iamasoidea) 


Dermanvssid; 


ae 


'I'romhidoidea  . . 'rrombidiidae. . 


Fujiodoidea . 
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ORDER  ACARINA 

Cl'he  Miles) 

In  this  Order  there  is  little  dilTerentialion  between  llie  head  and 
thorax  and  these  are  therefore  spoken  ot  toi^ether  as  the  eephalo- 
ihorax.  This  is  l)roadly  united  to  the  alidomen  with  ollen  no  elear 
line  of  deinarkation.  d'here  are  no  anlcainae.  The  abdomen  usually 
shows  no  e\  idenee  of  set;mentation.  In  their  life  history  the  aearines 
typieall}-  pass  through  four  stages  - egg,  lar\-a,  nymph  and  adult. 
The  adult  and  nym])h  have  four  pairs  of  legs,  the  larva  has  but 
three  pairs. 

While  the  mites  vary  greatly  in  size,  shape  and  color,  the  points 
which  are  eommon  to  all  aearines  are  usually  sulficiently  charac- 
teristic to  group  them  without  great  difficulty. 

Mites  are  found  everywhere  if  one  will  only  look  for  them.  Some 
are  parasitic  on  animals,  many  are  not.  Some  live  on  the  juices  of 
plants  or  insects;  some  produce  galls;  some  live  in  water  fresh  and 
salt;  some  live  in  humus  and  may  be  found  in  rotting  leaves.  Others 
live  on  fruits,  in  cheese,  flour,  sugar  etc.;  others  prey  upon  their  owm 
kind.  Some  are  jnirasitic  on  insects,  birds,  mammals  and  reptiles; 
some  eat  the  ejiidermal  scales  or  feathers  or  hairs,  others  burrow  under 
the  skin,  some  live  within  the  follicles,  others  suck  blood.  They 
have  been  found  in  the  bronchial  passages  of  monkeys,  in  the  air 
sac  of  snakes,  in  the  bark  of  trees  and  in  the  dust  from  the  lloor. 

External  Anatomy.--  The  anatomy  may  be  described  briefly  as 
follows;  ( hig.  751. 

In  many  mites  the  back  is  covered  in  whole  or  jiart  by  a corneous 
sliield  known  as  the  senium.  .\t  the  anterior  edge  of  this  may  be 
seen  a small,  subtriangular  or  rectangular  })iece  known  as  thec(//)//- 
iilum,  which  can  not  always  be  detected  with  ease.  It  supiiorts  the 
mouth  jiarts.  I'he  mouth  parts  consist  of  a pair  of  mandibles  or 
chcliccrac  often  styliform  or  needle-like,  sometimes  chelate  or 
clawed,— and  a {)air  of  palpi.  .\  lip  or  labium  may  be  formed  bv  a 
union  of  the  basal  joints  of  the  palpi.  In  many  species  additional 
mouth  segments  can  be  seen.  There  may  be  a central  piece  known 
as  the  hypopharyux  which  is  a |)r()longation  of  the  aspiratory 
j)harynx;  an  upper  j)late  known  as  the  cpistome  and  an  under  |)lale 
spoken  of  as  the  hyposlomc.  'The  latter  is  especiall}'  marked  in 
the  ticks.  It  is  in  two  hak’es  and  in  llu‘  lit  ks  is  cowred  with  small 
recur\ed  teeth,  d'he  palpi  are  ne\er  more  than  //ir-/e/;//C(/.  d'hey 
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arc  sensory  organs,  although  in  some  species  they  are  modified  for 
clasping.  The  last  joint  may  be  hairy  or  it  may  terminate  in  a 
spine,  hook,  or  claw. 

One  or  more  pairs  of  simple  eyes  (ocelli)  may  be  present  on  either 
side  ot  the  cephalothorax  or  the  scutum.  Rarely  there  may  be  only 
a median  pair  of  eyes. 

The  adult  mite  usually  has  Jour  pairs  of  legs  composed  of  from 
three  to  seven  segments.  The  following  segments  can  usually  be 
seen;-  beginning  with  the  segment  attached  to  the  body  they  are, 
coxa,  trochanter,  Jcmiir,  patella,  tibia  and  tarsus.  The  legs  are  haired 
or  spined  to  a greater  or  less  degree  and  the  last  joint  or  tarsus 
terminates  in  one  to  three  claws  or  ungues  and  a sucker  (pulvillus 


Fig.  75. — A mite  (seniidiagrammatic)  showing  the  e.xternal  anatomy.  (After 
Banks.)  Dorsal  view:  i.  Leg  I.  2.  Leg  II.  3.  Leg  III.  4.  Leg  IV.  5.  Abdomen. 

6.  Cephalothorax.  7.  Palpi.  8.  Mandibles.  9.  Capitulum.  10.  Eyes.  Ventral 
view:  i.  Claws.  2.  Tarsus.  3.  Tibia.  4.  Patella.  5.  Femur.  6.  Trochanter. 

7.  Coxa.  8.  Beak.  9.  Genital  plate.  10.  Genital  aperture,  ii.  Anal  aperture. 
12.  Anal  plate. 

or  caruncle),  at  times  a pulvillus  and  no  claws.  In  some  species 
the  two  posterior  pairs  of  legs  are  located  so  far  removed  from  the 
two  anterior  pairs  that  they  appear  to  arise  from  the  abdomen. 

i\Iany  of  the  mites  are  softbodied.  In  addition  to  a dorsal  shield 
or  scutum  some  are  provided  with  chitinous  plates  or  shields  ventrally. 
d'he  body  is  usually  supplied  with  hairs,  bristles  or  scales  arrangetl 
in  a manner  characteristic  of  the  species.  I'he  anal  aperture  is 
located  on  the  ventral  surface  near  the  tip  of  the  abdomen.  The 
genital  aperture  of  the  male  (epiandrum)  as  well  as.  of  the  female 
(vuh’a  or  epigynum)  is  usually  on  the  ventral  surface  anterior  to 
the  anal  ojicning  usually  between  the  fourth  [lair  or  hind  legs  (leg 
IV).  In  some  species  the  genital  segment  is  pushed  so  far  forward 
that  the  genital  aiicrture  is  close  to  the  mouth. 
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Internal  Anatomy.  The  alimentary  canal  is  composed  of  a 
pliarvitx  or  aspiralory  organ  to  which  are  attached  the  aspiralory 
muscles,  an  oeso pliagns;  a stonuich  with  its  caeca;  a narrow  inlcsliiic 
and  a rcctuai.  'Phe  hao  mal pighiati  hihulcs  empty  into  the  rectum. 
Salivary  ;;laiids  are  located  in  the  ce]>halothora.\'. 

The  breathing  or  tracheal  openings  in  some  species  arc  wanting. 
In  others  the  spiracles  are  located  on  each  side  of  the  cephalothorax, 
while  in  others  the  respiratory  system  opens  into  the  coxal  cavities 
(acetabula),  or  by  an  orifice  in  what  is  known  as  a stigmal  plate 
located  on  each  side  near  the  fourth  coxae. 

Life  History  of  Mites.-- In  the  life  history  of  mites  there  are 
typically  four  stages — egg,  larva,  nymph  and  adult.  Most  mites 
deposit  eggs,  some  are  viviperous  and  one,  Pcdicnloides  ventricosns, 
gives  birth  to  adult  males  and  females. 

The  larva  which  emerges  from  the  egg  is  active,  has  but  three 
pairs  of  legs,  and  no  genital  orifice.  After  feeding  awhile  it  becomes 
quiescent.  A fourth  pair  of  legs  develops,  usually  the  hind  pair, 
and  the  larva  after  a moult  then  becomes  a nymph  with  four  pairs  of 
legs  and  breathing  spiracles  but  no  genital  orifice.  During  the 
nymiihal  stage  the  mite  grows  by  moulting  one  or  more  times,  then 
becomes  quiescent,  and  finally,  after  undergoing  a final  moult 
becomes  the  fully  formed  adult. 

There  is  often  a curious  nymphal  stage  in  the  life  history  of  some 
mites,  especially  the  Tyroglyjihidae,  in  which  the  body  becomes 
hard  and  chitinous,  there  is  an  absence  of  a mouth  orifice  and  distinct 
mouth  jiarts,  the  legs  are  short  and  poorly  adapted  to  walking  and 
an  arrangement  of  sucking  discs  develops  on  the  ventral  surface 
near  the  tip  of  the  abdomen.  By  the  aid  of  these  discs  the  Ilypojnis, 
as  it  is  called,  clings  to  an  insect  until  it  is  transported  to  a place 
favorable  to  its  development  into  an  adult  mite. 

Ticks. — Of  all  mites,  the  ticks  or  giant  mites  arc  most  familiar. 
They  are  all  temjiorary  parasites  of  warm  blooded  animals  and  of 
birds  and  have  been  taken  from  snakes  and  tortoises. 

The  body  is  leathery  and  in  the  female  is  capable  of  great  dis- 
tension when  engorged  with  blood  and  full  of  eggs. 

In  most  of  the  ticks  a dorsal  shield  or  scutum  is  present,  d'his 
in  the  male  covers  the  entire  back  but  in  the  female  only  a small 
part  in  front.  Just  anterior  to  the  scutum  may  be  seen  the  capit- 
uluni  which  is  composed  of  the  basal  ])art  or  basis  capituli  and  the 

mouth  segments,  'fhese  are,  livo  Jour-jointed  palpi;  kvo  mandibles 
12 
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Mi'th  (heir  s/icalhs,  and  a hy poslouic.  The  mandibles,  mandibular 
shcallis  (lyinj;  dorsal  to  the  mandibles)  and  the  hypostomc  toftelher 
lorm  the  proboscis  or  hauslcllum.  At  the  tip  of  the  mandililes 
are  two  jirocesses  known  as  the  digits  or  a pophvscs.  d'he  under 
surtace  of  the  hypostome  is  furnished  with  stout  teeth.  The  mandi- 
bles  and  hypostome  are  the  juerein<t  or<fans  which  are  inserted  into 
the  skin  wlien  the  tick  teeds.  The  tood  ehannel  is  formed  by  the 
dorsal  surlace  of  the  hypostome  and  the  ventral  surface  of  the 
mandibles. 

1 he  inner  surtace  oi  the  palps  is  more  or  less  concave.  The  palpi 
vary  in  length  and  shape.  Ihe  llrst  and  last  joints  of  the  jialpi  are 
not  always  easily  seen,  as  the  first  or  basal  joint  is  short  and  broad, 
and  the  last  joint  is  very  small  indeed,  located  at  the  end  of  the  third 
joint,  often  in  a dejiression.  Ihe  shajie  of  the  j)alpi  and  the  shaj)e  of 
the  basis  capituli  are  both  of  ta.xonomic  value.  On  the  dorsum  of 
the  capitulum  of  adult  female  Ixodid  ticks  may  be  seen  two  depressed 
pitted  areas  known  as  the  porose  areas,  ddieir  function  is  unknown. 
They  are  seen  only  in  the  female  adult  forms  of  the  Ixodidae — never 
in  the  larval  or  nymjihal  stages. 

The  posterior  edge  of  the  body  is  frequently  marked  by  furroics 
giving  a lobed  or  festooned  appearance.  The  scutum  is  often  orna- 
mented with  whitish,  silvery  or  yellowish  streaks  or  spots,  when 
without,  the  tick  is  said  to  be  inornate.  It  has  two  longitudinal 
grooves  known  as  the  cervical  grooves.  On  the  dorsum  of  the  abdo- 
men about  the  middle  there  may  be  seen  in  some  genera  two  small 
circular  or  oval  plates  called  the  dorso-submcdian  porose  plates  or  fovea. 
'I'heir  purpose  is  unknown. 

On  the  ventral  surface,  the  genital  opening  may  be  seen  located 
anteriorly  well  towards  the  caiiitulum.  Posteriorly,  towards  the 
tij)  of  the  abdomen,  is  the  anal  opening.  The  ventral  surface  is 
marked  by  grooves.  In  some  forms  there  is  a post-anal  groove.  In 
others  a groove  anlerior  to  the  anal  opening.  In  all  ticks  it  is  usually 
possible  to  detect  a groove  on  each  side  of  the  anal  aperture.  Ven- 
tral plates  or  shields  are  present  in  the  males  of  some  genera.  These 
plates  may  be  closely  ajiplied  to  the  body  and  level  with  the  integu- 
ment when  they  are  s])oken  of  as  non-salient  plates,  or,  they  may 
project  more  or  less  from  the  body. 

Mach  leg  has  six  joints  namely,  coxa,  trochanter,  femur,  tibia, 
metatarsus  and  tarsus,  d'he  tarsus  terminates  in  kco  claics  and  a 
putvillus,  or  the  puK’illus  may  be  rudimentary  or  absent.  The  first 
coxa  is  often  bijid.  One  or  more  of  (he  coxa  ma\'  be  spined. 
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On  the  upper  surface  of  tarsus  1 (the  tarsus  ol  the  lirst  or  most 
anterior  le^)  inav  Ix'  seen  a pit  known  as  Haller's  or^aii  pos>ihly  an 
or!j;an  of  lieariny. 

.\I)o\'(‘  and  behind  the  last  or  hind  coxa  (or  in  Iront  ol  this  coxa 
in  tile  Arsj:a>id  ticks)  nup\'  be  seen  the  slii^iiial  plalc  (one  on  each 
side)  which  contains  the  slr^iiia.  or  Irachcal  orifice  or  brealhin^  spiracle. 
'Idle  sliajie  and  tlie  minute'  structure  of  the  slipmial  jilates  lia\e 
taxonomic  \alui'.  A section  of  the  stiunial  ])Iate  of  the  j^eiius  Der- 
iiiaeentor.  for  instance,  is,  according:  to  Stiles,  composed  ol  three 
layer>.  Cdiitinous,  golilet-like  structures  are  to  lx*  observed,  the 
stem  of  the'  goblet  formiipu;  the  internal  kiyc'r,  the  rim  eind  upper  peirt 
forminy  the'  e'Xtermd  layer  eind  the  lowe'r  part  of  the  bowl  of  the  ”:oblet 
forming  the  middle  layer.  Interspersed  between  these  f^oblet-Iike 
structures  are  smaller,  supportinii;,  chitinous  structures  of  circular  to 
elongate  form.  On  surface  view  the  stigmal  plate  has  the  appear- 
ance of  being  granular,  ddie  larger  granules  are  the  goblet-like 
structures  seen  on  cross  section,  ddiey  vary  in  size  and  number 
according  to  the  species.  The  smallest  granules  are  the  small, 
chitinous,  supjiorting  structures. 

Internal  Anatomy.-- Idle  iiioiilli  which  is  located  between  the 
hypostome  below  and  the  mandibles  above,  after  passing  backwards 
for  a distance  as  the  buccal  cavily,  ends  blindly.  A \’-shape(l  opening 
in  its  lloor  communicates  with  the  aspiralory  pharyn.x  and  on  each 
side  ixisteriorly  there  is  the  opening  of  the  salivary  duels,  ddie 
pharyu.K  is  continuous  with  a narrow  oesophagus  wdiich  ojiens  into  the 
floor  of  the  midgul  or  stomach.  'Idiis  is  the  central  food  reservoir 
which  gives  olf  diverlieula , anteriorly,  posteriorly  and  laterally, 
d he  stomach  is  connected  to  the  rectum  by  a very  line,  practicallv 
tunctionless,  iiilestnie.  'I  he  rectum  is  saccular  and  has  emptying 
into  it,  the  two,  long,  line,  conx'oluted  Malpighian  tubules,  'bhus  it 
would  seem  that  the  rectum  serx'cs  more  as  a uninary  bladder  than 
as  a true  lecal  reser\-()ir. 

d he  salivary  glands,  two  in  number,  lie  over  the  bases  of  the 
first  j)air  of  legs.  Other  unicellular  sali\'ary  glands  may  edso  be 
present.  'Idieir  ducts  empty  into  the  m;iin  salivarv  duct. 

Dermal  glands  are'  jeresent  and  tlu're  is  ;i  socedled  cephalic  gland  in 
the  heeiel  and  eo.val  glands  in  the'  second  coxed  joint  wind  h e'lnjelx’ 
through  a minute'  pore  in  the  lirst  coxeil  joint. 

L>-ing  behind  the  midgut  is  ;i  single'  ovary,  ddiere'  ;ire'  two  coih'd 
oviducts  connecting  with  ;i  spcrmathcca  eind  ending  ;it  the'  ge'nited 
orifice. 
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In  their  metamorphosis  ticks  like  other  acarines,  pass  throuirh 
the  four  stages  of  egg,  larva,  or  “seed ” lick,  nymph  and  adult.  All 
stages  after  hatching  feed  on  blood. 


Classification  of  Mites 

The  .\carina  have  been  classified  in  several  ways.  Canestrini  has  divided 
them  into  sul)orders  according  to  the  location  of  the  stigmatic  opening,  as 
follows: 

Astigmatic: — Those  which  have  no  stigmatic  openings  but  breathe  through 
the  skin.  (Tyroglyphid  and  Sarcoptid  mites.) 

Prostigmatic:— Those  with  spiracles  at  the  sides  of  the  beak.  (Trombidioi- 
dea  and  Eupodoidea.) 

iMesostigmatic: — Those  with  a spiracle  above  and  slightly  in  front  of  the 
fourth  co.xa,  with  a peritreme  extending  forward.  (Parasitoidea.) 

Metastigmatic: — Those  with  a spiracle  located  above  and  behind  the  fourth 
coxa.  (I.xodoidea — the  ticks.) 

Cryptostigmatic: — Those  with  tracheal  openings  into  the  acetabula  of  the 
legs.  (The  Oribatid  mites.) 

Ilydracarina: — The  water  mites. 

Nathan  Banka  has  classified  the  Acarina  by  dividing  them  into  eight  super- 
families. His  key  to  these  and  to  the  families  is  as  follows: 


Synopsis  of  Superfamilies  (Nathan  Banks)* 

1.  Abdomen  annulate,  inolonged  behind;  very  minute  forms;  often  with  but 

four  legs Demodicoidea 

Abdomen  not  annulate  nor  prolonged  behind;  always  with  eight  legs 2 

2.  With  a distinct  spiracle  upon  a stigmal  plate  on  each  side  of  the  body  (usually 

below)  above  the  third  or  fourth  coxae  or  a little  behind;  palpi  free;  skin 


often  coriaceous  or  leathery;  tarsi  often  with  a sucker. ; 3 

No  such  distinct  spiracle  in  a stigmal ‘'plate  on  this  part  of  body 4 

3.  Hypostome  large,  furnished  below  with  many  recurved  teeth;  venter  with 
furrows;  skin  leathery;  large  forms,  usually  parasitic I.xodoidea 


Hypostome  small,  without  teeth;  venter  without  furrows;  body  often  with 
coriaceous  shields,  posterior  margin  never  crenulate;  no  eyes. 

Parasitoidea 

4.  Body  usually  coriaceous,  with  few  hairs;  with  a specialized  seta  arising 
from  a pore  near  each  jmsterior  corner  of  the  cephalothorax;  no  ej-es; 
mouth  parts  and  paljji  very  small;  ventral  openings  of  the  abdomen 
large;  coxae  all  close  together;  never  i)arasitic;  tarsi  never  with  a sucker. 

Hribatoidea 

Body  softer,  without  such  specialized  seta 5 

* 'Phis  key  and  others  by  Nathan  Banks,  from  'J'he  .\carina  or  Mites.  Re[)ort  No. 

108,  Dec.  1Q15,  Bureau  of  Ifntomolofty,  U.  S.  I )e])artnient  of  .\griculture. 
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5.  Living  111  

Not  living  in  

6.  Palpi  small,  thrcc-joinlcd,  adhering  for  some  dislancc  lo  the  hj);  ventral 

suckers  at  genital  opening  or  near  anal  opening  usually  present;  no  eyes, 
tarsi  often  end  in  suckers;  beneath  the  skin  on  the  venter  arc  seen  rod  like 
eiiimera  that  support  the  legs;  body  often  entire;  adult  frequently  parasitic 

Sarcoptoidea 

I’alpi  usually  of  four  or  five  joints,  free;  rarely  with  ventral  suckers  near 
genital  or  anal  openings;  eyes  often  jirescnt;  tarsi  never  end  in  suckers, 
body  usually  divided  into  cephalothorax  and  abdomen;  roddike  epimera 
rarelv  visible;  adults  rarely  parasitic 7 

7.  Last  joint  of  palpi  never  forms  a “thumb”  lo  the  preceding  joint;  palpi 

simple,  or  rarely  formed  to  hold  prey;  body  with  but  few  hairs. 

Ku[)odoidea 

Last  joint  of  palpi  forms  a thumb  to  the  i)reeeding,  which  ends  in  a claw 
(a  few  excejrtionsl ; body  often  with  many  hairs 1 rombidioidea 


Synopsis  of  Families 


Dcmodicoidca 


With  but  four  legs,  of  live  joints  each;  living  on  plants,  often  in  galls. 

Eriophyidae 

With  eight  legs,  of  three  joints  each;  living  in  skin  of  mammals.  . . . Demodicidae 


Sarcoptoidea 

1.  With  tracheae;  no  ventral  suckers;  legs  ending  in  claws;  body  divided  into 

cephalothorax  and  abdomen;  the  female  with  a clavate  hair  between  legs 

I and  II;  not  parasitic  on  birds  or  mammals Tarsonemidae 

Without  tracheae;  no  such  clavate  hair - 

2.  (ienital  suckers  usually  present;  not  jiarasitic  on  birds  or  mammals;  skin 

usually  without  fine  parallel  lines 3 

tienital  suckers  absent;  [larasilie  on  birds  or  mammals;  skin  with  tine  parallel 
lines -f 

3.  Legs  short,  without  clavate  hair  on  tarsi  I and  11;  living  on  insects. 

Canestriniidae 

Legs  longer,  with  clavate  hair  on  tarsi  J and  II;  not  [larasitic  fexcejit  on  bees). 

'I'yroglyphidae 

4.  Possessing  some  specially  develojied  apparatus  lor  clinging  to  hairs  of  mam- 


mals   Ibsl  ro[)horiilae 

Without  such  apparatus 5 

5.  Living  on  plumage  of  birtls \nalgesidae 

Xol  on  plumage  of  birds,  but  on  living  tissues 6 

6.  \ uK’a  longitudinal;  in  skin  and  cellular  tissue  ol  birds Cytoleiehidae 

\ ulva  transverse;  in  skin  of  mammals  and  birds Sarcoptidae 


IXSKCTS  AXI)  DISKASK  OF  MAX 


1<S2 


Parasiloidca 

I’alpi  with  the  Iasi  joint  enlarged;  a spiracle  siluale  above 


coxa  III. 

Holothyridae 


Ibdjn  not  enlarged  at  lij);  spiracles  situate  behind  coxa  nr 

(.enital  ajrcrlure  near  the  anus;  mouth  jrarts  retractile  within  a large  bucca'l 
cavity,  which  is  situated  in  an  anterior  part  of  the  body  separated  by  a 

suture  trom  the  rest  of  the  body Spelaeorhynchidae 

(.enital  aperture  not  or  scarcely  behind  the  himl  coxa;  no  anterior  oart  of 
body  separated  by  a suture Parasitidae 


Oribaloidca 

1.  Xo  division  between  cephalothorax  and  airdomen Labidostommatidae 

A suture  between  cephalothorax  and  abdomen , 

2.  Cephalothorax  movably  attached  to  the  abdomen;  palpi  four-jointed’. 

^ , Hoplodcrmidae 

Cephalothorax  not  movable;  palpi  five-jointed Oribatidae 


Ixodoidea 

I.  Xo  scutum;  no  ventral  shield;  mouth  parts  of  adult  not  prominent  from  above; 

no  pulvillus  to  tarsus  in  adults Argasidae 

Scutum  present;  sometimes  ventral  shields;  mouth  parts  of  adult  prominent 
from  above;  pulvillus  to  tarsus  of  adults Ixodidae 


Trombidioidca 


1.  Legs  I and  11  with  processes  bearing  spines;  skin  with  several  shields-  coxae 

Caeculidae 

Legs  I and  II  without  such  processes;  few,  if  any,  shields 

2.  Mandibles  chelate  or  uncinate,  that  is  a basal  rather  thickened  part,  with  a 

claw  near  its  ti]i 


Mandibles  stylate  (ncedle-like),  and  retractile;  coxae  in  two  groujis 4 

3.  larsal  joint  of  leg  I usually  enlarged;  usually  a crista  metojiica  on  cephalo- 
thorax; coxae  in  widely  sejiarated  groups Trombidiidae 

larsal  joint  of  leg  1 not  enlarged,  otten  long;  no  crista  metopica;  coxae 
usually  in  one  grou]),  contiguous Anystidae 

4-  'I'arsi  enlarged;  usually  a dorsal  groove;  adults  free Eryth'raeidae 

larsi  not  enlarged;  no  dorsal  groove - 

5-  Phytophagous  occurring  on  iilants;  often  spinning  threads;  iialjii  sim[)le;. 

leg  1 never  ending  in  long  hairs;  all  legs  with  elaws;  bristles  usually  simple 


'I'etranvchidae 

Predaceous  or  parasitic,  often  on  birds  or  mice;  jialpi  often  enlarged  at  base 
<ind  lorming  a lorceps;  claws  olten  absent  Irom  one  or  more  pairs  of  legs; 
otten  with  peetinate  bristles t'hevletidae 
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h'j!  podoidca 

I’allii  siniitli';  niDiitli  parts  liiddcai  hy  a liood;  no  apparent  division  ol  body, 
and  no  l)ristli's  al)0\'c;  last  joint  of  le;;  1 but  little  longer  than  [)reeeding. 

Cryptognathidae 

l'al|)i  often  genieulate,  t)r  else  lilted  for  gras|)ing  l)rey;  mandibles  large  and 
snout  like;  ee])hak)t borax  with  four  long  bristles  al)ove,  two  in  Iront, 
two  behind;  last  joint  of  leg  1 longer  than  preeeding  joint,  otten 
twiee  as  long Hdellidae 

I’alin  never  geniculate,  not  litterl  for  grasi)ing  prey ; beak  small;  cephalothorax 
with  bristles  in  different  arrangement ; last  joint  of  leg  1 shorter  or  but  little 
longi'r  than  preceding  joint;  eyes,  when  |)resent,  near  ])osterior  border. 

I'iupodidae 


II  ydriichuoidca 
(Water  Mites) 

Mouth  parts  carried  upon  a distinct  beak;  no  ventral  suckers;  living  in  the 

sea Halacaridae 

Mouth  parts  not  carried  upon  a beak;  usually  suckers  near  the  genital 
openings;  usually  in  fresh  water 1 lydrachnidae 


* Superfamily  Ixodoidea  Banks  1894 

(d'he  d'icks) 

The  Txodoideti  are  acari  ha\’ing  their  l^reathing  spiracles  located 
near  the  fourth  coxae  (IMetastigmatic) . They  are  characterized 
by  haA'ing  a movable  false  head  or  ca])itulum  which  is  composed  of  a 
basal  j)ortion  or  basis  capituli,  a pair  of  four-jointed  jtalpi,  protrusible 
mandiltles  terminating  in  two  or  three  serrated  digits  or  apophyses, 
and  a rigid  hypostome  toothed  on  its  under  surface.  All  subsist 
on  the  blood  of  animals.  Most  of  them  will  probably  bite  man 
under  the  ])ro])er  conditions,  many  of  them  have  been  known  to 
bite  man,  and  ;i  number  of  them  transmit  certain  diseases  of  man 
and  animals,  including  relapsing  fever  of  Africa,  Persia,  Central 
America  and  South  America;  Rocky  Mountain  spotted  fever; 
j)iroj)lasmosis  and  spirochaetosis  of  animals  and  birds. 

The  superfamily  has  In-en  di\-ided  into  two  families,  the  .\rgasidae 
and  the  Ixodidae.  The  dilferences  between  them  have  been  t;d)U- 
lated  bv  Xuttall  as  follows; 
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.■Vraasitlae 

I.xodiciae 

Sexual  dimorpliism 

Capitulum: 

Slight. 

Marked. 

Anterior;  [)orose  areas  in 

No  porose  areas  in  female. 

female. 

1‘alps 

Leg-like  with  subequal 

Relatively  rigid,  of  varied 

Body 

articles. 

form,  4th.  article  rudi- 
mentary. 

Scutum 

-Absent. 

Present. 

Festoons 

■Absent. 

Generally  present. 

Eyes  (when  present) 

J^atcral,  on  supracoxal 

Dorsal,  on  the  sides  of  the 

folds. 

scutum. 

Spiracles 

Legs: 

A'ery  small,  more  anterior. 

Generally  large,  well  be- 
hind co.xa  lY. 

Coxae 

Unarmed. 

Generally  armed  with 
spurs. 

Tarsi 

Without  ventral  si)urs. 

Cienerally  armed  with  one 
or  two  ventral  spurs. 

Pad  (pulvillus) 

.Absent  or  rudimentary. 

.Always  present. 

Key  to  the  Genera  of  the  Family  Argasidae 

1.  ^largin  of  body  llatteiicd,  sharp-edged 

Alargin  of  body  thick,  rounded,  not  clearly  defined  (Fig.  ']■])..  .Ornithodoros 

Key  to  the  Genera  of  the  Family  Ixodidae 
r.  \'enter  showing  a groove  surrounding  the  anus  in  front  and  extending  back- 
wards to  hind  margin  of  abdomen;  no  festoons;  no  eyes;  palpi  of  variable 
form  without  projecting  transverse  ridges  or  sharp  angles;  stigmal  plates 
nearly  circular;  venter  of  male  with  nonsalient  plates  (Fig.  78). 

/.vudex  Latreille  1795  {ricinus)* 
\’enter  with  a distinct  groove  behind  the  anus  but  none  in  front,  at  times  this 
groove  vestigal  or  absent;  usually  with  festoons  present  in  male  more  or 
less  distinct  in  female;  eyes  present  or  absent;  stigmal  plates  rounded 
to  comma-shai)ed;  palpi  long  or  short,  smooth,  ridged  or  angled  on  sides; 
ventral  plates  present  or  absent  in  male 2 

2.  Palpi  short,  relatively  broad,  second  article  not  especiall}'  longer  than  wide. 3 
Palpi  long,  relatively  slender,  second  article  distinctly  longer  than  wide. . . .7 

3.  Palpi  with  acute  transverse  ridges  dorsally  and  laterally;  festoons  absent  or 

only  faintly  indicated;  stigmal  plates  rounded  or  oval;  male  with  ventral 
plates;  post  anal  groove  very  faint  or  obsolete  (Fig.  79). 

Boophiliis  Curtice  1S91  {(unnihitus) 
Palpi  not  ridged  as  above;  festoons  practically  always  present  in  male; 
more  or  less  distinct  in  female;  stigmal  plates  rounded  to  comma-shaped; 
post  anal  groove  distinct;  male  with  or  without  ventral  plates 4 

4.  .Second  article  of  palpi  acutely  produced  outwardly  at  base  extending  beyond 

basis  ca[)ituli;  eyes  absent;  male  without  ventral  plates  (Fig.  Si). 

II acnuiphysalis  Koch  1844  {coiiciinui) 
* The  s])eeilic  name  in  parentliesis  is  tlie  li'pe  of  the  genus. 
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Sfi'olul  arli(.'l(.‘  of  palpi  not  so  prodiuod;  eyes  present;  witli  or  witlioni  xcntral 
jilates 5 

5.  Hasis  eapituli  rectangular  dorsally;  usually  ornate;  coxa  J\  in  male  much 

the  largest ; male  without  ventral  plates  or  shields  (I'ig.  82). 

PcniiiK  ( itlor  Koch  1844  (rrticulalus) 
Hasis  eapituli  hexagonal  dorsally  having  i)rominent  lateral  angles;  usually 
inornate d 

6.  Coxa  I\’  much  the  largest;  male  without  ventral  plates  or  shields. 

Rlii piccnior  Xuttall  and  Warhurton  1908  {biconiis) 
Coxa  1\’  normal;  male  with  ventral  i)lates  and  may  show  a caudal  protrusion 
(Fig.  84) Rhipiccphalits  Koch  1844  {sd  11  i^u incus) 

7.  Eye  present 8 

Eye  absent  or  vestigial 9 

S.  Eyes  within  scutal  margin;  ventral  shields  pre.sent  in  male  and  two  |)Osterior 

abdominal  protrusions  capjaal  hy  chilinous  i)oints;  hasis  eapituli  sul)tri- 
angular  dorsally;  with  or  without  ornamentation;  with  or  without  festoons. 

f/yaloninia  Koch  1844  {aegyptium) 
Eyes  marginal;  ventral  shields  absent  except  occasionally  small  plaques  are 
present  close  to  the  festoons;  festoons  always  present;  usually  ornate 


(Fig.  86) \mhlyonuna  Koch  1844  (cajennense) 

0.  Similar  to  Amhlyonuna  but  body  frecjuentl>’  very  broarl;  eyes  absent  or 
vestigial (Siihgenus)  Apouonnua  Xeumann  1890  (gcn'aisi) 


Ilacmaphysalis 


Dermacentor 


FAMILY  ARGASIDAE 

Genus  Argas  Latreille  1796 

In  this  genus  the  Innly  is  llattened  and  oval  or  rounded,  with  a 
llattened,  sharp-edged  margin  wdiich  is  distinct  even  when  the  tick  is 
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replete;  the  ea])ituluni  is  entirely  invisible  from  above;  there  arc 
numerous  symmetrically  arranpa'd  oval  or  rounded  discs  on  the 
doisum  and  the  \’enter,  disposed  in  radial  lines;  the  integument  is 
minutely  wrinkled;  eyes  are  absent. 

'lTg(/5  pci\si(ns  ()ken  is  the  “Aliana  bug”  of  Persia.  It  may 
h\  e in  houses  and  is  lound  on  fowls.  It  is  said  that  severe  symptoms 
may  follow  its  bite.  This  tick  is  found  in  many  parts  of  the  world. 
In  the  United  States  it  is  known  under  the  name  of  Argas  min  talus 
Koch.  It  is  quite  common  on  chickens  and  has  a more  Southern  dis- 
tribution. In  Prazil,  the  Soudan  and  in  other  parts  of  the  world  it 
transmits  a spirochaetosis  of  chickens. 

Aygas  rcflexiis  Fabricius  is  a pigeon  tick  of  Europe  which  has 
been  known  to  bite  man. 

Another  genus,  Carts,  has  been,  suggested  for  those  Argas  ticks, 
which  are  parasitic  on  bats  and  which  have  a body  as  broad  or 
broader  than  long  and  a transverse  groove  behind  the  anus. 

Genus  Ornithodoros  Koch  1844 

In  this  genus  the  body  is  flat  in  the  unfed  tick  but  decidedly 
convex  when  fed;  the  margin  is  thick  and  not  clearly  defined;  the 
anterior  end  is  bluntly  pointed  and  hood-like;  the  anterior  jiortion  of 
the  capitulum  is  often  visible  from  above;  when  discs  are  jiresent 
they  are  not  arranged  radially;  grooves  and  folds  are  present  on  the 
venter;  eyes  may  be  jjresent  or  absent. 

Some  of  the  ticks  in  this  genus  are  res[)onsible  for  the  trans- 
mission of  relajising  fever.  They  are  tropical  and  subtrojiical  in 
their  distribution  and  at  least  four  are  found  in  America.  These 
ticks  as  well  as  those  of  the  genus  .Irgux  are  more  like  bugs  in  their 
habits. 

Orttilltodoros  tnotihaia  Murray  ( Fig.  77)  is  the  carrier  of  relapsing 
fever  of  Africa,  or  African  tick  fever  as  it  is  sometimes  called.  It 
also  })ossibly  transmits F/Vurfi/  pcrslatts  (C'hai).  XXXAk)  These  ticks 
live  in  the  cracks  and  crevices  of  walls  and  floors  or  in  the  gravel 
floors  of  native  huts  and  rest  houses,  coming  out  at  night  to  feed. 

1 he  larval  stage  is  passed  in  the  egg,  a nymph  emerging  after 
an  incubation  of  about  twenty  days,  ddie  adult  ticks  moult  several 
times  and  may  live  for  at  least  a year. 

Orttilltodoros  savignyi  Audouin  is  common  in  Africa,  India,  Persia 
and  .Aden.  It  will  attack  man  and  is  responsible  for  the  transmission 
of  Persian  relapsing  fever,  (('hap.  XXXW) 
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Ontilliodoros  talajc  ('lUcrin-Mi'iH'xilk'  is  the  carrier  ol  rela])sin<j; 
lever  of  Panama,  (('hap.  XXX\'.)  It  is  lound  in  ( enlral  and  South 
.\merica,  Mi'xico  and  the  Southern  I'nited  States.  It  also  lives  in 
houses  its  habits  beine;  similar  to  tliosi'  ol  ().  Dioiilxild . because  ot 
the  presence  of  a lateral  tlap  on  each  side  ot  the'  mouth  parts  which 
other  members  of  the  genus  Oniilltodoros  do  not  have,  a subgenus, 
Alcclorobiiix,  has  been  ])ro])osed  for  this  spec  ies. 

Ornithfldoros  meguini  Duges  is  the  “spinose  ear  tick”  ol  Me.xico 
and  the  I'nited  States.  It  is  found  on  cattle  and  other  domestic 
animaP.  rabbits,  etc.,  and  occasionally  on  man.  d’he  adult  rarely 
feeds  and  its  mouth  ])arts  are  weak  but  the  n_\-mph  takes  enough 


Fig.  77.  I iniitliinldras  ytunibala,  dorsal  and  ventral  view.  (From  Still's  “I’rtielieal 
Bacteriology,  Blood  AVork  and  Animal  Parasitology, ” 7th.  Edition.) 


food  to  last  through  the  adult  state.  W hen  rci)letc  it  drops  to  the 
ground,  d'he  last  moult,  mating,  and  ovipositing  occur  off  the  host 
in  cracks  and  crevices  in  trees,  walls,  fenee  posts  and  the  like,  .\fter 
laying  her  eggs  the  female  dies,  but  until  she  has  been  fertilized 
may  live  for  many  months.  After  emerging  from  the  egg  the  larval 
ticks  await  the  opportunity  to  attach  themseh'es  to  an  animal 
preferring  the  inside  of  the  ear  as  a feeding  ground,  hence  the 
common  name  “ear  tick."  'Phis  tick,  unlike  others  of  the  genus, 
has  a spiny  \'estiture  and  for  this  reason  as  well  as  because  of  the 
modilications  in  its  life  history,  some  authorities  have  [)laced  it  in  a 
subgenus,  Olohiiis. 
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Oniilliodoros  luricaUi  Duges  is  another  tick  of  tlie  vSouthcrn 
I nitcd  States,  Mexico,  ('entral  and  South  America.  It  attacks  hogs. 
S2nall  mammals  and  man  and  may  be  found  in  houses.  It  is  the 
carrier  of  South  American  relapsing  fever,  (('hap.  XXXV.) 

Oniilhodoros  coriaccus  Koch  is  found  in  ('alifornia  and  Mexico 
and  will  bite  man.  Its  bite  is  tollowed  by  a severe  reaction. 

The  Following  Key  May  Be  Used  to  Identify  the  American  Species  of 
Ornithodorus  (After  Banks) 

1.  Body  {)rovi<lcd  with  many  short,  still  bristles;  hind  tarsi  scarsely  three  limes 

as  long  as  broad  at  base,  with  one  sul)terminal  hump  above;  anterior  tarsi 
also  with  one  subterminal  hump;  body  rouniled  in  front;  no  eyes. 

().  megnini 

Body  without  bristles,  but  covered  with  rounded  tubercles  or  granules; 
hind  tarsi  more  slender 

2.  Iwo  pairs  of  eyes  present  on  each  side  above  coxae  ii;  tarsi  IV  with  a promi- 

nent subterminal  si)ur  above;  front  of  body  conical  in  the  middle;  leg  I 

strongly  roughened Q coriaccus. 

Xo  eyes;  no  such  spur  on  hind  tarsi 3 

3.  Front  of  body  conical  in  middle;  tarsi  i without  humps  above;  a lateral  flap 

on  each  side  of  mouth  parts 0.  lalaje 

Body  rounded  in  front;  tarsi  and  metatarsi  each  with  three  humi)s;  no  lateral 
flap  on  each  side  of  mouth  parts 0.  turicata 


FAMILY  IXODIDAE 

Genus  Ixodes  Latreille  1796 

his  genus  is  characterized  by  being  inornate,  without  eyes  and 
without  lestoons;  the  sjtiracles  are  round  or  oval;  the  anal  groove 
surrounds  the  anus  in  Iront;  the  shajte  of  the  jtalpi  and  basis  capituli 
is  variable;  the  tarsi  are  without  spurs;  the  venter  is  covered  by 
nonsalient  plates  as  tollows,  one  jtregenital,  one  median,  one  anal, 
two  adanal,  and  two  ejtimeral.  ( Fig.  78.) 

In  general  the  jtalpi  of  most  Ixodes  are  rather  slender,  the  third 
joint  is  longer  than  broad  and  tapers  towards  the  tip.  They  are 
also  narrow  at  the  base  so  that  there  ordinarily  is  a distinct  interval 
on  each  .side  between  them  and  the  base  of  the  hypostome.  The 
basis  capituli  is  usually  not  angulate  at  the  sides,  h'or  a group  of 
ixodes  which  has  the  basis  capituli  slightl}-  angulate  at  the  sides  and 
the  third  joint  of  the  italjti  shorter  than  broatl  and  broadly  rotindetl 
at  the  tip,  another  genus,  Ccrati.xodcs,  has  been  adopted  by  some 
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aullioritii'.''.  A lew  s])eeit's  ha\'i‘  hia-n  (k'seril)e(l  Ironi  sea  birds 
lix  iiiU  in  Arelie  and  Anlarelie  regions.  l''or  another  j^rou])  ol  I xodi'S, 
on  l)als  and  wliieh  have  the  legs  unusnally  long,  the  genus //er;;/!/- 
htslor  ha^  been  suggested. 

A numl)er  of  s])etit's  ol  I.xodes  ha\e  been  re])orte(l  Irom  the 
I’nited  Stati's  among  tlieni  being  fxodrs  I'iciiiiis  Linn,  wlu'eli  has  a 


Fig.  78. — A tick  of  the  genus  Ixodes,  male,  ventral  view. 


wide  distribution  and  in  Scotland  is  believed  to  be  responsible  for 
the  spread  of  a disease  of  sheep. 

It  has  been  taken  from  a variety  of  domestic  animals  as  well  as 
from  deer  and  some  of  the  smaller  wild  animals  and  birds.  It  will 
bite  man. 

I'his  tick  drops  to  the  grountl  between  each  one  of  its  successi^•e 
stages,  thus  each  time  it  is  compelled  to  seek  a new  host. 
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Genus  Boophilus  Curtice  1891 

I his  j^cnus  contains  tlic  well  known  'Fexas  fever  lick,  Boophilus 
onuidalus  Say  (Iwvis  Riley)  (Fi<^s.  79,-80)  which  transmits  Texas  or 
red  water  fever  amonR  cattle.  dTe  disease  is  camsed  by  a blood 
jiarasite,  Babesia  higemina,  which  is  in<tested  with  the  blood  when  the 
tick  feeds  and  is  transmitted  by  the  adult  female  tick  to  her 
offspring.  Thus  even  young  ticks  which  have  not  fed  may  carry 
the  disease. 

The  genus  is  characterized  by  being  inornate  and  without 
festoons;  eyes  are  present;  the  palpi  are  short  and  ridged  dorsally 
and  laterally;  coxa  1 is  bifid;  the  scutum  is  small;  the  anal  groove 


absent  or  only  faintly  indicated;  sjiiracles  rounded  or  oval;  the  male 
is  provided  with  adanal  and  accessory  adanal  shields  (Fig.  79). 

1 he  adult  female  tick  when  engorged  is  greatly  swollen.  She 
drops  to  the  ground  to  lay  her  eggs.  After  hatching,  the  young 
or  “seed  licks”  climb  on  to  a blade  of  grass  or  low  foliage  and  attach 
themselves  to  passing  cattle.  F'rom  this  on  growth  takes  ])lace  on 
the  same  animal,  the  tick  not  lea\ing  the  host  until  fertilized  by  the 
male  and  ready  to  deposit  eggs.  'I'his  tick  or  closely  allied  species, 
I)erha|)s  only  x’arieties,  occurs  in  many  parts  of  the  world  where 
I exas  lever  may  also  occur.  For  instance  in  Australia  and  the 
Fhili|>i)inc“  Islands  there'  is  a variety  known  as  Boophilus  australis 
Fuller. 


C LASS  ARACIIXIDA 


1 ()  I 

In  this  "[(.'HUS  the  small  si/.c“  ol  thr  male'  as  comparc'd  to  the; 
I'ngori^e'el  fe'imile  is  very  strikinjj!;. 

The  Clenus  M ari^aropiis  \v;is  made'  lor  iciiill/ciiii  Karseh,  ;i  tick 
which  has  ;i  preanal  shield  and  the'  hind  p;iir  ol  le^s  in  the  male, 
j^reat Iv  swolle-n. 


Genus  Haemaphysalis  Koch  1844 

This  genus  is  characterized  by  being  inornate  and  without  eyes; 
festoons  are  present;  the  palpi  are  usually  short  and  conical,  with  the 
base  of  the  second  joint  projecting  outwardly  beyond  the  basis 
cai)ituli;  the  beisis  capituli  is  rectangular  elorsally;  there  is  a dorsal 
])re)cess  on  the  first  trochanter  and  the  ventral  surface  of  the  male  is 
without  plates  or  shields.  (Fig.  81.) 

Only  a lew  species  have  been  described  from  the  L’nited  States  of 
which  Ihiouii physalis  Icpons  pahtslris  ( I' ig.  81)  is  common  on 
rabbits  and  widely  distributed.  II.  chordcilis  Packard  has  been 
taken  Irom  birds.  II.  c.x posiliciit.s  has  been  founel  on  cattle  in 
Canada.  'I'lie  hitter  is  an  imported  luiropean  tick.  II aema phv.salis 
leachi  Audouin  is  a South  .African  dog  lick  and  is  a spreader  of 
canine  piroplasmosis.  II . pniiciuld  is  reported  as  causing  fatal  paraly- 
sis in  a child  in  Australia. 
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Fig.  8i.-  /laeniaphysalis  leporis-paliistris,  male,  ventral  view. 


Genus  Dermacentor  Koch  1844 

This  genus  is  characterized  by  being  usually  ornate  and  with  eyes 
and  festoons  present;  the  palpi  are  rather  short  and  broad  and  the 


basis  capituli  is  rectangular;  coxa  IV  is  much  the  largest ; there  are  no 
ventral  plates  or  shields.  (Tigs.  82,  8,p) 

There  are  some  ten  species  reported  from  the  United  States. 
Dermacentor  variabilis  Say  {elechis  Koch)  is  the  common  “dog”  tick  or 
“wood”  tick  of  the  Tastern  States.  On  the  Pacific  Coast  the  com- 
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mon  “dog”  lick  is  Dermacoitor  occidoilalis  Xcuniann.  lioth  ol' 
those  ticks  may  be  found  on  other  animals  and  on  man. 

Dcrmacculor  (indersonl  Stiles  (Figs.  82,  8t)  is  the  tick  of  the 
bitter  Root  \'allev,  Montana,  and  tin-  Xorth  West  and  is  the  carrier 


Fig.  8.5. — Dermacenlor  (indi-rsoni,  female,  dorsal  and  ventral  view. 

of  Rocky  Mountain  spotted  fever.  (Chap.  XXX\T.)  This  tick  in  all 
ol  its,  stages  feeds  U])on  the  blood  of  various  warm  blooded  animals 
both  domestic  and  wild.  It  will  bite  man.  It  has  been  taken  from 
dogs,  cattle,  horses,  swine,  sheep,  deer,  mountain  goats,  bears,  bad- 
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gers,  coyotes,  s(iuirrels,  cliipiminks,  rabbits,  weasels,  martens,  por- 
cupines and  lield  mice.  Larval  and  nymphal  stages  arc  only  found 
on  small  mammals,  adults  on  larger  animals.  Alating  takes  place  on 
the  host.  When  engorged  the  female  dro])S  to  the  ground  and  in 
about  two  weeks  egg  laying  begins.  Several  thousand  eggs  may  be 
deposited  after  which  the  tick  shrix’els  and  dies. 

Under  favorable  ccmditions  summer  temperature,  out  of  direct 
sunlight  the  eggs  develop  in  from  30  to  50  days  into  larval  or  “ seed  " 
ticks,  with  but  si.x  legs.  Colder  weather  may  delay  hatching  for 
several  months,  d'he  larva  is  very  small  at  first,  pale  and  soft  but 
soon  develops  a hard,  brown  integument.  The  larva  climbs  upon  a 
blade  of  grass  or  a twig  and  waits  for  a warm  blooded  animal  to  pass 
1)}’.  Once  attached  it  becomes  fully  engorged  in  from  three  to  five 
days.  It  then  drops  to  the  ground,  becomes  dormant  for  a period  of 
from  two  to  eight  weeks  and  then  moults  into  the  eight-legged 
nymph.  Many  ticks  never  succeed  in  obtaining  a host  and  perish 
for  want  of  food. 

The  nymph  again  waits  for  a host  on  which  to  feed,  upon  which  it 
remains  for  a period  varying  from  four  to  eight  days.  It  then  drojis 
off,  remaining  active  for  two  to  four  weeks  depending  upon  the  tem- 
perature, then  becomes  quiescent  and  linally  undergoes  a last  moult- 
ing, the  fully  formed  adult  emerging  from  the  nymphal  skin.  The 
interval  elapsing  between  larva  and  adult  ma}'  be  long  perhaps 
four  or  live  years. 

The  adult  then  attaches  itself  to  a warm  blooded  animal  and  the 
life  cycle  starts  anew.  One  female  produces  but  one  brood.  Ticks  in 
all  stages  of  development  hibernate  during  the  winter.  Extremely 
low  temj)eratures — 30  or  40  degrees  Fahrenheit  below  zero — will 
not  kill  them,  nor  will  such  temperatures  destroy  the  virus  of 
Rocky  Mountain  spotted  fever  in  the  body  of  an  infected  tick. 

1).  andersoni  is  the  common  wood  tick  of  the  Bitter  Root  \ alley 
and  is  closely  related  to  D.  vcnustus  of  Texas  and  1).  occidcntalis  ol 
California. 

Genus  Rhipicentor  Nuttall  and  Warburton  1907 

In  this  genus  eyes  and  festoons  are  present  but  there  is  no  orna- 
mentation; the  palpi  are  short  and  the  basis  capiluli  is  hexagonal 
dorsally  having  prominent  lateral  angles;  coxa  I\  is  much  the  larg- 
est; there  are  no  ventral  plates  or  shields;  the  male  resembles  Dcrma- 
cenlor  venlrally  and  Khipiccpl/alns  dorsally. 

This  genus  is  not  reported  from  America. 
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Genus  Rhipicephalus  Koch  1844 

In  this  gc'iuis  c-ycs  and  Ic'sioons  aia‘  prcscnl;  iIutc  is  usually  no 
ornanu'ntation ; thr  jialpi  arc  short  and  the  basis  cai)iluli  is  hoxattonal 


t'K;.  84. — Rhipici'phalus  saii);ui>u'!is,  male,  dorsal  and  ventral  view. 


dorsally  with  lateral  angles  more  or  less  prominent;  the  male  is  pro- 
\icled  with  ventral  shields  and  may  show  a caudal  iirotrusion  when 
replete.  (Figs.  84,  85.) 


and  ventral  view. 


Fk;.  85. — Rhipicephalus  sanguineus. 


female,  dorsal 


Rhipiccp]iali(s  sanguineus  Latreille  (Figs.  84,  85),  the  tyjce 
s])ecies,  is  a widely  distributed  species  now  more  or  less  common  in 
the  Southern  United  States.  It  is  a dog  tick  but  may  occur  on  other 
hosts.  It  is  the  only  member  of  the  genus  found  in  the  United  States. 
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1 his  lick  is  responsible  tor  the  transniissioii  of  PiropUisjUi.!  cuiiis 
and  Ilacwogrcgar'Dia  amis.  In  the  first  instance  the  parasite  is 
acc|uite(l  by  the  adult  tick  and  is  transmitted  in  the  nymphal  and 
lai\al  stae;es.  Little  is  known  as  to  how  the  tick  transmits  II. 
amis. 

Genus  Hyalomma  Koch  1844 

In  this  genus  ornamentation  may  be  absent  or  })resent;  eyes  are 
present  within  the  scutal  margin  and  there  are  usually  festoons;  the 
palpi  are  long  and  the  basis  capituli  subtriangular  dorsally;  the  male 
is  provided  with  shields  ventrally  and  has  two  posterior  abdominal 
protrusions  capj^ed  by  chitinous  points;  the  female  is  more  like 
Amblyomma. 

This  genus  has  not  been  reported  from  America. 


Genus  Amblyomma  Koch  1844 

Tills  genus  is  usually  ornate,  with  eyes  marginal  and  with  fes- 
toons; the  palpi  are  long  especially  the  second  article;  the  basis  capi- 


Fic;.  86. — .Amblyomma  cajennense,  male,  dorsal  and  ventral  view. 


tuli  is  of  variable  form;  the  male  has  no  ventral  shields  although  there 
may  be  small  ventral  plaques  close  to  the  festoons.  (Figs.  86,  87.) 

The  subgenus  Aponomma  differs  from  typical  Amblyomma  in 
that  the  eyes  are  absent  or  poorly  developed  and  the  body  is  fre- 
cjuently  broad.  This  suligenus  occurs  on  Re[)tilia. 

d'here  are  many  sjiecies  of  Amblyomma  a number  coming  from 
Tropical  and  Subtropical  America.  'Fhe  “lone  star”  tick,  Ambly- 
omma amcricanum  Linn.,  is  more  or  less  common  on  cattle  in  the 
Southern  States  especially  Texas  and  Louisiana,  d'he  female  has  a 
single  bright,  silvery  siiol  at  the  tip  of  the  scutum.  The  male  which 
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is  nuu'h  smaller  has  sex'i'ral  hriiihl,  siKery  spots  on  its  hiownish 
scutum. 

A niblvoiii Hid  (ujciniciisc  l‘’al)ricius  (I'ij;s.  (Sh,  87)  is  a common 
tick  ol  tropical  .\mcrica  ami  extends  up  into  'Texas.  'I'he  .scutum  in 
l)t)th  sexes  is  yellowish  with  irregular  sih’cry  streaks  and  marks. 
A few  other  siiecies  are,  Amhlyomtud  lubcrculaiiim  Irom  T'lorida  from 
tort(Use  (gopher);  .1.  nuiculdtum  is  more  or  less  common  in  certain 
localities  on  the  Clulf  Coast.  I’nlike  others  ol  the  genus  this  tick 
has  but  one  ju'ominent  s])ine  on  the  lore  coxae,  others  have  two. 


Fii..  N7.  - A inhlyomina  cajt'inii  iisi’,  fuiiiale,  dorsal  and  ventral  view. 


.1.  habracum  Koch  disseminates  heart  water  fever  among  sheep  and 
calves  in  South  Africa. 

Key  to  a Few  Species  of  American  Amblyomma  (After  Banks) 

1.  Co.xa  I wilh  hut  one  spine,  metatarsi  (e.xcept  i)  with  two  thickened  sjnirs  at 

tip;  second  joint  of  ftalpus  not  twice  as  long  as  third;  porose  areas  elongate; 

shield  brown,  with  silvery  marks inaculalum 

Co.xa  I wilh  two  spines;  metatarsi  without  stout  s|)urs  ;it  lip;  only  slender 
luurs 2 

2.  Projections  of  coxa  i blunt  and  short;  porose  areas  elongate;  second  joint 

ol  j)alpus  not  twice  as  long  as  third;  coxa  1\’  of  nude  wilh  only  ;i  tubercle 

behind;  large  species Iiibcrciilalum 

Projections  of  coxa  i longer,  and  :it  least  one  of  them  sharp  jiointed;  second 
joint  ol  palpus  twice  ;ts  long  ;is  third;  coxa  l\'  of  male  wilh  a long  spine; 
smaller  si)ecies 3 
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Porose  areas  nearly  circular;  shield  of  both  sexes  pale  and  yellowish,  with 

some  silvery  streaks  and  marks,  and  some  reddish  spots;  shield  of  female 
as  broad  as  Iona.  . 

^ 

lorose  areas  elongate;  shield  brown,  in  female  with  an  apical  silvery  mark, 

in  male  with  two  small  apical  and  two  or  four  other  silvery  spots'  shield 

of  female  longer  than  broad amcricaunm 


( II  AP  I'Kk  XXI 


SUPERFAMILY  EUPODOIDEA 

FAMILY  EUPODIDAE 

riu'se  miles  are  small,  soft  bodied  ami  move  rapidly.  I bvy  live 
mostlv  on  the  ground  but  some  are  found  on  the  leaves  ol  trees. 
'J'hev  like  eold,  damp  jilaees  and  are  common  in  high  altitudes  and 
are  freciuently  found  in  eaves.  Many  are  predaceous,  feeding  on 
other  mites  and  small  insects;  some  are  tound  on  snails  and  occa- 
sionally on  insects.  One,  1 vdciis  ntolcslus  iMoniez  has  been  reported 
as  attacking  man. 

FAMILY  BDELLIDAE 

These  are  the  "snout  mites."  They  are  predaceous  feeding  on 
other  mites  and  small  insects.  I hey  are  most  common  in  cold 
countries  and  prefer  a cold,  damp  environment.  One  species  Bdella 
cardhialis  Hanks  has  been  taken  from  Ratius  norvegicus  in  New  \ ork 
City.  Thev  do  not  suck  blood  and  were  probably  on  the  rats  acci- 
dentally or  to  prey  ui)on  their  ectoj)arasites. 

Superfamily  Trombidioidea 

FAMILY  CHYLETIDAE 

d'hese  are  very  small  mites,  typically  with  large  palpi  attached  to 
a distinct  beak.  They  are  predaceous  and  some  are  parasitic.  They 
mav  be  found  on  birds,  insects  or  mammals  where  they  are  present 
to  feed  on  other  mites.  Some  live  in  the  (luills  of  birds  or  in  the  hair 
follicles  where  they  form  tumors. 

One  genus,  Myohia,  is  based  on  a s|)ecies,  Myohia  dihscuIi,  from 
the  house  mouse,  M us  inusculus.  All  legs  are  short  and  thick  but  the 
first  jiair  is  particularly  heavy  and  ada])ted  to  grasping  a hair.  Other 
species  have  been  rejiorted  from  rodents  and  bats. 

FAMILY  TETRANYCHIDAE 

These  include  the  familiar  "red  spiders”  so  destructive  to  cul- 
tivated plants.  Many  of  them  can  spin  a thread  hence  the  common 

i')i) 
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name  “spinning  mites”  is  freciuently  applied  to  them.  They  feed 
on  the  living  jilanL  sucking  the  juice  from  the  leaves.  They  are 
found  on  cotton,  allalla,  clover,  orange,  lemon  and  other  trees,  moss, 
green  house  and  out-door  cultivated  plants  etc.  When  clover  is 
grown  close  to  the  house,  it  is  rejiorted  that  the  clover  mite  (Brvohia 
practiosa  Koch),  upon  the  approach  of  cold  weather,  may  enter  for 
shelter  and  greatly  annoy  the  occupants. 


FAMILY  TROMBIDIIDAE 


Ihese  are  the  “harvest  mites.”  Most  of  the  species  are  red  or 
reddish  in  color.  The  si.x  legged  larvae  are  i)arasitic  on  insects  and 
mammals  including  man.  However  it  is  ])robable  that  man  serves 
only  as  an  accidental  host.  Xym])hs  and  adults  probably  live  chiefly 
on  small  insects. 

The  family  is  characterized  by  the  body  having  two  distinct  divi- 
sions, the  anterior  or  cephalothora.x  bearing  the  two  anterior  pairs  of 
legs,  the  palpi,  the  mouth  parts  and  the  eyes  of  which  there  are  two 
on  each  side;  the  posterior  portion  or  abdomen  bearing  the  two  pos- 
terior pairs  of  legs.  The  mandibles  are  provided  with  a distinct 
jaw  (hence  chclatc)  or  curved  spine-like  process;  the  palpi  are  five 
jointed,  prominent,  often  swollen  in  the  middle,  the  next  to  the  last 
joint  terminating  in  one  or  two  claws,  the  last  joint  acting  as  a thumb 
to  the  preceding  joint;  the  body  is  clothed  with  bristles  or  feathered 


hairs.  A dorsal  groove  along  the  median  line  of  the  cephalothorax 
max  be  ]iresent.  I his  is  called  the  crista  or  crista  nietopica.  Eggs 
are  laid  and  hatched  in  or  on  the  ground  and  it  is  likelv  that  except 
when  on  a host,  the  larval  mite  spends  its  e.xistence  on  the  ground, 
not  climbing  up  on  vegetation  as  do  the  ticks. 

I he  harvest  mites  are  wide  sjiread  and  in  the  lar\’al  stage  cause 
much  annoyance  to  man  by  reason  of  the  reaction  following  the  bite. 
One,  the  Kedani  mite  of  Japan,  is  resjionsible  for  the  transmission  of 
Tsutsugamushi  or  Japanese  River  fever.  (Chap.  XXXVH.)  This 
mite,  Trombicnla  akamushi,  in  its  life  history  does  not  differ  materially 
from  other  mites  of  its  kind,  d'he  larva  is  very  small  and  bright  red 
or  orange  in  color,  ddie  nymiihal  and  adult  forms  do  not  bite  but 
live  on  vegetable  juices,  blood  is  obtained  by  the  laiwae  usually 
froni  the  small  rodents  of  the  locality,  especiallv  the  field  mouse 
{Arvicola  hatanedzumi)  on  which  they  congregate  about  the  ears. 

1 he  larva  develoi)s  into  an  octopod  nymph  which  after  one,  or  per- 
haps more  moults  becomes  the  lully  lormed  acarine  which  may  be 
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found  under  lallen  lea\'es  or  deeayed  \’egetal)le  matter  in  aieas 
whii'h  liave  been  sulijeeted  to  inundation. 

'There  are  at  least  three  I'hiropean  forms  ol  chiggers  as  well  as 
si'ieeies  in  other  parts  of  the  world.  .Aeeording  to  I'^wiiift  the  ehi^ger 
of  the  I'nited  States,  Tronibicula  irrihnis,  is  the  same  as  the  Me.xiean 
ehigi^er,  Tromhicula  llalzaliuall  Murray.  It  is  widely  distributed  in 
the  I'nited  States  from  Long  Island  to  Central  Me.xico  ami  Irom  the 
Atlantie  ('oast  to  the  Roeky  Mountains. 

The  chigger  mites  have  been  known  for  many  years  under  the 
name  of  Lc plus,-  Lc plus  aulumnalis  in  Europe  and  Lcplus  irnlaiis 
or  auicrii'diius  in  the  United  States.  This  was  before  their  proper 
place  in  the  acarine  world  was  recognized. 

'The  chigger  of  the  house  lly  is  Trombidium  muscarum  Riley.  At 
times  many  of  the  flies  are  seen  to  have  these  small  red  mites  attached 
to  them.  Eulhrombidium  trigouum  is  more  or  less  common  on  locusts 
and  grasshojipers  or  other  Orthroptera  both  in  the  Lbiited  States  and 
parts  of  Europe. 

Key  to  Some  of  the  Genera  in  the  Family  Trombidiidae  (Adults)  (After Banks! 


1.  No  crista  mctopica Trombella 

Crista  meto})ica  present 2 

2.  Sides  of  l)ody  with  projections Chyzeria 

Body  without  ])rojections 3 


3.  Claws  with  a pulvillus;  eyes  pedunculate;  one  claw  at  tip  of  paljms. 


Allothrombidium 

Xo  pulvilli 4 

4.  Xo  eyes 5 

Eyes  present 6 

5.  Crista  enlarged  near  middle Typhlothrombidium 

Crista  enlarged  at  end Trombiciila 

6.  Eyes  sessile;  palpus  with  two  claws  at  tip 7 

Eyes  pedunculate 10 

7.  Crista  enlarged  but  once S 

Crista  enlarged  twice () 


S.  Enlarged  onl\'  at  end;  abdomen  higher  than  the  cephalothorax. 

M icrothrombidium 

Enlarged  only  near  middle;  abdomen  and  cephalothorax  of  same  height. 


Tauaupodiis 

9.  Crista  enlarged  at  middle  and  at  end Euthrombidium 

Crista  enlarged  twice  near  the  middle Di plolhrombidiuui 

10.  Crista  enlarged  near  middle 11 

Crista  enlarged  near  end 12 


ri.  I'iyes  long  pedunculate;  no  teeth  at  the  base  of  the  j)al|)al  claw. 

Diuothro  mbkli  u m 
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Eyes  short  |H-(luiKulalo:  tooth  at  tho  haso  of  tho  palpal  claw. 

Podothrombidium 

12.  ( rista  onlarj^od  iioar  antorior  ond;  oyos  lon^  podunculato;  no  tooth  near 

.palpal  daw;  logs  rathor  short Tromhidium 

Costa  onlargod  noar  postorior  ond;  oyos  short  podunculato;  tooth  near 
palpal  claw;  logs  very  long  J olwstouhuia 


Superfamily  Parasitoidea  (Gamasoideat 

1 his  sujterfamily  has  been  dix  ided  into  three  families  of  which 
I arasitidae  is  the  Itest  known  and  contains  some  familiar  examples. 

FAMILY  PARASITIDAE 

Many  ol  these  mites  are  parasitic  on  insects  and  vertebrates. 
K\es  are  absent;  the  mouth  jtarts  are  retractile;  the  mandibles  are 
either  clawed  with  the  fingers  of  the  claw  toothed,  or  they  are 
adapted  to  piercing;  an  epistome  and  a hypostome  (not  provided 
xxith  teeth  as  in  the  ticks)  may  be  present,  together  with  a long 
fleshy  jiart,  the  lingula,  between  the  points  of  the  bifid  hyjiostome; 
the  pal])i  are  usually  fix'e-jointed;  the  legs  six-jointed;  the  venter  is 
provided  with  plates  or  shields;  the  breathing  spiracle  is  located  on 
each  side  above  and  slightly  in  front  of  coxa  I\"  fiMetastigmatic)  and 
is  surrounded  by  a chitinous  ring,  the  peritreme,  which  extends 
lorward  for  a varying  distance  in  a more  or  less  sinuous  line. 

Banks  divides  the  Pkamily  Parasitithc  into  five  subfamilies  as 
follows: 

1.  The  spiracle  and  perilreme  (nearly  or  ciuile)  on  the  dorsum;  legs  short  and 

X ery  bristly;  all  with  large  caruncles Spinturnicinae 

Spiracles  and  j)eritremes  x'entral 2 

2.  No  shield  or  chitinous  surface  about  the  anus;  parasitic  within  mammals. 

1 lalarachinae 

.\  shield  or  chitinous  surlace  about  anus;  tiot  parasitic  in  mammals ^ 

3.  hirst  {)air  ot  legs  inserted  within  the  same  body  opening  (camerostome) 

as  the  oral  tube;  dorsum  ol  body  projects  beyond  the  camerostome;  genital 

ai)ertures  in  the  sternal  jilate;  olten  occurring  on  insects I'ropodinae 

hirst  pair  of  legs  at  one  side  of  the  mouth  opening;  dorsal  surface  of  body 
does  not  j)roject  in  front  ol  the  camerostome;  male  genital  ojtening  usually 
on  iheanlerior  margin  ol  the  sternal  i)late  (sometimesin  the  middle) 4 

4.  J a ws  ol  ma ndi hies  wit  h out  teet  h.  ol  t en  st  ylat e or  needle  like ; [)arasit ic  on  birds, 

mammals,  or  reptiles;  tarsus  i with  claws  or  caruncles;  leg  II  of  male  nex’er 
with  [jroce.sses;  anus  in  female  usually  at  the  front  end  of  the  anal  shield; 
all  the  chitinous  shields  rather  weak,  and  often  not  exddent. 

1 )erma  nx’ssinae 

jaws  of  mandibles  toothed;  rareix’  slxlate  or  needle-like;  usualle  not  found 
on  animals,  i‘.\cept  insects I’arasitinae 
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Of  ihi'  iibovc,  llu'  S])inturm\in;K‘  arc  mostly  parasitic  on  hats, 
some  on  sparrows,  swallows,  the  domestic  lowl  and  other  birds. 

'The  llalarachninae  include  but  two  j^enera,  II alarachnc  which 
lias  lieen  found  in  the  bronchial  passafj;e  of  seals,  and  PiicanionyssKS, 
which  has  been  found  in  the  luniks  of  monkeys. 

The  Tropodinae  are  frecpiently  found  on  insects.  'I hey  are 
not  necessarily  parasitic  but  often  use  the  insect  as  a means  of 
transjiortation.  'They  live  in  decayed  wood,  humus,  manure  etc. 
and  jirobably  feed  in  ]iarl  at  least  on  bacteria  and  lungi. 

The  Dermanyssinae  contains  members  some  of  which  are  well 
known.  Kwing  regards  the  Dermanyssid  mites  as  constituting 
a family  which  is  characterized  as  lollows; — “Mouth  jiarts  adapted 
for  jiiercing,  the  chelicerae  being  either  devoid  of  one  or  both  of  the 
chelae  or  of  all  true  teeth,  but  howexer,  recurved  “hold-fast”  hook- 
like structures  are  sometimes  present.  Integument  somewhat 
leathery  and  distensible,  but  covered  to  a large  degree  by  one  or 
more  dorsal  shields  and  one  or  more  ventral  jilates.  Each  tracheal 
trunk  opening  through  a peritreme  situated  on  the  side  of  the 
liody.  Sexual  dimorjihism  evident  and  at  times  marked.  Parasitic 
in  habits  and  on  vertebrates.” 

Ewing  separates  them  as  follows; 

Key  to  the  Subfamilies  and  Genera  of  Dermanyssidae  (Exving,  1922)* 

ab  Chelicerae  adapted  for  both  piercing  and  attachment,  being  provided  with 
recurx'ed  l)arl)s  or  hooks. 

bb  Both  chelae  of  chelicera  present,  the  fixed  one  harpoon-like  xvith  a single 
recurx’ed  barl)  and  the  movable  one  falciform;  hyiiostome  without 

recurved  hooks Suljfamily  Entonyssinae 

Containing  but  one  genus Ei!lo)iyssus  Ewing 

b“.  One  chela  of  chelicera  lost,  the  remaining  one  jxrovided  xvith  sexmral 
recurxa'd  hooks;  hy[)Ostome  with  a pair  of  recurx'ed  hooks. 

.S  u b f a m i ly  Exod  o r x’  n c h i n a e 

Containing  but  one  genus Ixodorliyncltus  Ewing 

a*.  Chelicerae  jirovided  only  for  piercing,  hence  without  hooks  or  barbs, 
bb  Chelicerae  shear-like  in  both  sexes,  never  needlelike. 

Subfamily  Liponyssinae 

cb  Body  ol  both  sexes  entirely  covered  above  by  dorsal  shield,  sternal 
plate  ol  female  large  and  reaching  to  the  third  coxae. 

'I'clrdi^oiiyssiis  Ewing 

C-.  Body  not  entirelx'  covered  above  by  dorsal  shield  in  eidier  sex. 
db  l•’emale  with  a divided  dorsal  shield. 

*The  Dermanyssid  -Mites  of  Xorth  .Xmerica  b.\-  II.  lb  liwinK.  -\o.  2459  I’roceed- 
inns  of  the  U.  S.  National  .Museum,  \’ol.  62,  .\rt.  i,p  i()22. 
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Posterior  dorsiil  shield  hir^e,  covering  much  of  the  abdomen  above; 
lust  segment  ol  paljjus  ol  female  with  a horn-like  i)roccss. 

Ccratonyssus  Ewing 

Posterior  shield  minute;  sternal  plate  with  only  four  setae;  first 
segment  of  jialpus  of  female  without  any  horn-like  process.' 


_ Sci'pcnticohi  Ewing 

d“.  Dorsal  shield  of  fennde  entire. 

c'.  Legs  stout;  tibia  i and  ii  less  than  one  and  one  half  times  as  long 
as  broad;  femora  i and  ii  spined  above.  .Ichoronyssus  Kolenati 
el  Legs  not  so  stout,  especially  the  first  and  second  jiairs,  tibia  i more 
than  one  and  one  half  times  as  long  as  broad;  femora  i and  ii  not 
spined  above. 

fb  Pody  of  female  with  a constriction  and  incomplete  transverse 
groove  behind  the  insertion  of  the  last  pair  of  legs. 

Lciognathus  Canestrini 

fl  J3ody  of  female  without  constriction  and  incomplete  transverse 

groove Liponyssits  Kolenati 

bl  In  the  female,  chclicerae  needle-like;  in  the  male;  variously  modified  but 

always  with  both  arms  present .Subfamily  Dermanyssinae 

cb  Dorsal  shield  of  female  entire;  anus  situated  in  posterior  part  of  anal 

Dennanyssus  Duges 

c . Dorsal  shield  of  female  divided;  anus  situated  centrally  in  anal  plate. 

Alloderfuanyssiis  Ewing 


Of  the  above  genera,  Li pouyssus  and  Dennanyssus  are  perhafts 
of  the  most  interest  to  the  medical  entomologist  as  they  contain  a 
common  rat  mite,  Liponyssits  bacoti  Hirst,  and  a common  chicken 
mite,  Dennanyssus  gallinae  Redi,  both  of  which  have  been  known 
to  bite  man  and  may  ,be  of  great  annoyance.  The  peritreme  of  D. 
gallinae  is  long  and  sinuous  and  extends  beyond  the  second  coxae. 

The  subfamily  Parasitinae  contains  many  genera,  some  of  which 
are  parasitic  on  insects  and  some  on  mammals.  Many  of  them 
although  predacious,  feeding  on  other  mites  or  small  insects,  do  not 
attach  themselves  to  the  host  but  live  in  moist  soil,  fallen  leaves, 
refuse,  etc. 

The  genus  Laclaps  is  imiiortant  because  it  occurs  on  small  mam- 
mals and  in  their  nests.  In  this  genus  there  is  a stout  bristle  at  the 
apex  of  the  anal  plate  and  one  on  each  of  the  coxae.  Laelaps  eeJiid- 
ninus  Eeriest'.  (Fig.  88)  is  the  common  mite  of  rats  in  all  jiarts  of 
the  world.  Three  other  species  have  been  taken  from  rats,  Laelaps 
agilis,  L.  slahulanus,  and  L.  /laicaHensis.  'Fhey  are  not  known  to 
bite  man.  d'he  latter  is  a small  species.  L.  slabiilarius  may  cause 
a j)uritus  without  skin  lesions. 

Raillidia  auris  Leidy  lives  in  the  ears  of  cattle. 
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rhc  ,u;onus  l\irasiliis  ( fonnorly  and  hnllrr  known  (idnuisHs) 
includes  nuniorous  species  which  are  not  parasitic  on  \ ertebr.itts 
and  not  often  on  insects,  d'hey  are  found  anions  fallen  leaves  or  in 
refuse  or  debris  and  a few  inhabit  sea  beaches. 


Fic;.  88. — Laelaps  cchidniniis,  dor.sal  and  ventral  view. 


Superfamily  Oribatoidea 

These  mites  can  be  distinguished  by  the  presence  of  a hair  arising 
from  a pore  near  the  corner  of  the  ccphalothorax  on  each  side.  They 
are  not  parasitic  on  animal  or  vegetable  life  and  are  therefore  of 
little  economic  importance.  They  feed  on  vegetable  matter  but  do 
no  harm. 


Superfamily  Sarcoptoidea 

FAMILY  TARSONOMIDAE 

These  mites  are  of  great  economic  importance  as  many  of  them 
are  destructive  to  vegetable  life,  tea,  rice,  grasses,  pineaiijile,  fruit 
trees,  green  house  plants,  etc.  One,  Pediculoides  ventricosus, 
(Fig.  8gj  infests  grain  for  the  purpose  of  attacking  insects  which  may 
be  ui)on  it.  When  feeding  on  injurious  insects  its  presence  is  bene- 
ficial. On  the  skin  of  man  it  produces  a dermatitis,  “straw  itch”  or 
“grain  itch”  which  may  be  extremely  annoying  to  those  working  in 
the  fields  or  sleejiing  on  fresh  straw  mattresses  and  may  occur  in 
epidemic  form.  Pedi(  idoidcs  brings  forth  adult  ollsjiring. 


INSKCTS  AXD  DISKASE  OF  MAX 
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The  Tar,so„<,nii,l  miles  usually  can  be  .lislinf;uishe<l  by  the 
piesence  ul  a small  urRan  bulbous  at  the  end,  arisinK  between  le-RS 

am  . ( •iR.  ,S()  A.)  A capituluni  is  |>reseiU;  the  ehelicerac  are 

siemler  and  nee.lledike;  the  palpi  are  minute;  the  pusterinr  leRS 
are  remote  Irom  the  anterior. 

^ hwmg  ^ivcs  them  rank  of  a superfamily  and  jn-oposes  the  follow- 
ing key  to  the  families  and  genera. 


Fk;.  Sg.  Pcdicuhiides  ventricusis,  female,  dorsal  view. 


The  Classification  of  the  Families  and  Genera  of  the  Tarsonemoidea  (Ewing, 

1922)* 


A. 


Both  se.xcs  jo-ovided  with  four  i)airs  of  functional  legs. 

B.  hcmalcs  with  elongate  bodies;  capituluiu  and  first  two  pairs  of  legs 
not  covered  by  any  projecting  ce])halot horacic  shield. 


C.  Posterior  legs  of  lemale  each  ending  in  a pair  of  claws  and  caruncle. 

Species  usually  ovoviviparous Pediculoididae 

I),  hcniale  with  a large  ciqiitulum,  showing  a rostrum  and  rudimentary 
[lalpi;  segments  of  idxlomen  distinct. 

K.  Larval  stage  represented  by  octopod  deiitovum  stage;  gra\'id 
female  with  only  the  tip  of  abdominal  wall  swollen. 


Pt’dicitloidcs  rar-l{)z. 

LL.  Laival  stage  normal;  most  ol  I he  dorsal  wall  of  abdomen  distended 

in  gravid  female Pcdiridopsh  Reuter 

1)1).  Female  with  capituluiu  reduced  to  a cephalic  papilla,  and  abdomen 

indistinctly  segnien ted ph,,,.,,,-  g ^a m . 

* Canadian  Fntoniolofrist,  May,  iq:?2. 
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C'C.  rostcrior  k'jis  of  Ifiiialo  iK'Voill  (il  claws  and  caruncle.  Sjxa  ics  o\  i- 

'rarsoncinidae 

parous 

1).  I•■cnlalc  with  psciulosli^nialic  organs  and  very  slender  jiostei ior 

pair  of  legs,  which  in  the  male  are  somewhal  enlaiged. 

'I'drsonciiiKs  ('.  & F. 

1)1).  I'emale  without  pseudost igmatic  organs  tttid  with  short,  stutn|)y 

fourth  pair  of  legs,  which  in  the  tiiale  ate  reduced. 

.\  card  pis  Ilirsl 

HH.  Females  with  suhdiscoidal  bodies;  cai)ituluni  and  lirsL  two  pairsol  legs 
covered  by  the  projecting  cei)halothoracic  shield.  Dispanpedidac 
C.  I'emales  with  posterior  legs  each  composed  of  five  segments  and 
provided  with  a pair  of  claws  aiul  caiumle 
1).  Anterior  legs  of  female  each  provided  with  a claw. 

F.  Segments  IV  and  V of  leg  I\’  of  female  e.xceedingly  slender, 

cylindrical  and  subcai)illary Impdripcs^  Herb 

KK.  Segments  l\  and  V of  leg  W of  female  short,  stout,  and  V never 

eylindrical /’y^nunlispus  I’aoli 

1)1).  .Vnterior  legs  of  female  clawless Diversi pcs  Herb 

C('.  Females  with  leg  IN'  composed  ol  lour  segments  and  without  claws 
and  caruncles. 

I).  .Nnterior  legs  of  fenrale  each  ])rovided  with  a claw. 

Pispdri pcs  Mich. 

1)1).  Anterior  legs  of  female  clawless I di'idlipcs  Paoli 

.\A.  Males  he.xapod;  females  in  their  final  stage  legless Podapolipidae 

Contaitis  the  singular,  degenerate  getius Poddpolipiis  kov.  & Cir, 


FAMILY  TYROGLYPHIDAE 

'Fhese  miles  are  injurious  to  food  sUitfs,  roots  and  l)ull)s.  In  the 
hypopial  stage  they  may  attach  themselves  to  insects,  or  even  small 
mammals,  in  order  to  be  transported  from  one  place  to  another  more 
suitable  locality.  A species  which  was  described  by  Hanks  as 
11  islioloniLi  kirsiihs  lix’es  in  the  nests  of  rats  and  is  cat  lied  atound  as 
a hyiiopus  by  the  rat  ilea. 

(ilyci pillions  domcslicus  (Fig.  ()0)  inlests  sugar  and  is  a cause  ol 
grocer's  itch.  In  this  genus  the  anal  and  genital  openings  aic 
large  and  some  ol  the  hairs  ol  the  body  are  leathered.  I y) ogly phus 
fiiriiidc  is  also  a wide  spread  s])c‘cies  most  commonly  lound  in  lloui 
and  grain.  C ar poglv phus  piissuUiriou  infests  dried  Iruits.  .A  num- 
ber of  species  are  injurious  to  roots  and  bulbs. 

'I'he  family  Canestriniidae  includes  a few  very  small  mites 
jiarasitic  on  insects  especially  beetles. 

The  family  Analgesidae  are  the  bird  mites  occurring  e.xclusively 
on  birds  and  feeding  on  the  epidc'rmal  scales  and  leathers.  1 heir 
jiresence  is  apparently  not  harmlul. 
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Tl,0  lamily  Listrophoridae  arc  ,i,c  clasping”  mites,  livin.r 

upon  sma  I ma.nntals.  They  arc  a.laplc.l  to  clasping  a hair  either 

hy  the  last  tttrsal  jo.nt  or  the  umler  lip.  They  cling  to  and  feetl  on 
tnc  hairs. 


Fig.  90.  Clyciphagiis  duineslicus. 


FAMILY  SARCOPTIDAE 

These  are  the  “itch  mites."  They  are  permanent  parasites  in 

or  on  the  skm  of  man,  animals  and  birtls,  producing  a condition 
known  as  acariasis.  -i^ 

They  are  very  small  in  size,  with  the  surface  of  the  body  striated 
transversely  and  provided  with  a few  bristles  some  of  them  short  and 
strong;  the  palpi  are  small  and  three-jointed;  the  mandibles  are 
chelate;  the  beak  is  prominent;  the  male  may  have  a ])air  of  suckers 
near  the  tip  of  the  abdomen;  the  legs  are  short  and  stout  and  termi- 
nate in  a claw  and  a long  pulvillus,  or  there  may  be  only  a long  bristle. 


Key  to  the  Sarcoptidae  (After  Banks) 


I. 


2. 


Anal  opening  on  the  dorsum 

Anal  opening  below 

On  small  mammals,  not  bats;  third  p;iir  of  legs  in  male  without 

On  bats;  third  legs  in  male  with  suckers 


3 

ajiical  suckers. 

.Xotoedrex 
. Prosopodcctcs 
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'y.  rodiclo  of  suckcM-s  jointed;  mandibles  styliform  and  senate  near  tip. 


rsoroplcs 

I’ediele  not  jointed;  inandililes  ehelate 4 

4.  Xo  suckers  to  legs  of  females;  parasitic  on  birds k ucmidocoplcs 

Suckers  at  least  on  legs  i and  ii;  iiarasitic  on  mammals 5 


Legs  very  short;  in  male  the  hind  pair  ecpial  in  size;  body  usually  short. 

Snreoptes 

Legs  imire  slender;  in  the  male  the  third  jiair  is  much  larger  than  the  Iriurth, 


body  more  elongate ” 

6.  Female  with  suckers  to  fourth  pair  of  legs L horioptes 

Female  without  suckers  to  fourth  legs 7 

7.  Hind  jiart  of  male  abdomen  with  two  lobes Ldparinia 

Hind  part  of  male  abdomen  without  lobes Otodcctcs 


-l_  AVCRV- 


Fu;.  91. — Arachnoidea  exclusive  of  ticks.  (la)  Sarcaples  scaltici,  female;  (ib)  A. 
scabiei.  male;  (2)  Deinodex  folliculorum ; (s)  Tromhicula  akamuslii,  hexapod  larva 
(Kedani  mite);  (4)  Tr(»nhidiinn  holnsericciim  larva  (Lej)tus);  (5)  Dervianyssits  j’lillinaf; 
(6)  Tyrcgly films  longior;  (7a)  Pedicidoides  venlricosus,  male;  (7b)  P.  vfnlricosns,  youn^ 
female;  (7c)  P.  ventricosiis,  impregnated  female;  (8)  Parnce fihalus  armillatus;  (ga) 
I.inguatulti  serrata,  female;  (<)h)L.  serrata.  larva.  Note:  FiKurc  not  drawn  to  scale. 
(From  Stitt's  “Practical  Bacteriology,  Blood  Work  and  Animal  Parasitology,”  7th. 
Edition.) 


Sarcoples  scabiei  T)e  Cieer  is  the  itch  mite  of  man.  The  female 
Iturrows  under  the  skin,  usually  in  the  regjions  about  and  between 
the  lingers,  hands,  wrists,  a.xillary  folds,  lower  abdomen,  genital  and 
anal  regions.  She  lays  her  eggs  in  the  burrow  as  she  progresses, 
until  iinally  she  has  deposited  from  10  to  40  eggs  e.xtending  along  the 
burrow  :ind  intets])ersed  with  fecal  matter  and  debris,  d'he  young 
mite  like  other  ticarines  is  three-legged.  About  four  moultings 

II 
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occur  belorc  the  adult  stage  is  reached.  After  mating  the  adult 
female  undergoes  a linal  moulting  and  then  starts  a burrow  of  her 
own  but  belore  doing  so  may  migrate  to  another  host.  The  females 
die  at  the  end  of  the  burrow  when  oviiiosition  has  terminated.  The 
condition  is  attended  by  great  itching  and  if  not  arrested  is  followed 
by  inllammation  and  jiustule  formation,  d'he  following  is  said  to 
be  a good  remedy: 


Alcohol  and  water  equal  parts.  To  each  tluidounce  add  one 
(ham  of  jirecipitated  sulphur.  Shake  well  before  using.  Apply 
freelv  to  affected  area  three  or  four  times  a day.  Sulphur  ointment 
is  a good  remedy.  Clothes  and  bedding  should  be  sterilized. 

Species  of  the  genus  Sarcoptes  may  also  be  found  on  domestic 
animals. 


The  genus  Xolocdrcs  is  the  itch  mite  of  cats,  rabbits  and  rats. 
It  is  found  usually  about  the  ears,  eyes,  nose  and  lips.  It  differs 
from  Sanoplcs  in  having  the  anal  opening  situated  dorsally. 

The  “scab  mite”  of  sheep  is  an  itch  mite  which  does  not  burrow. 
It  is  known  as  Psora  pies  commujiis  \’ar.  ovis.  It  causes  the  formation 
of  papules  wdiich  become  vesicles  and  finally  jiustules.  These  coalesce 
and  in  drying  produce  a yellowdsh,  greasy,  scaly  laver  under  and 
around  the  edges  of  which  the  mites  may  be  found.  As  the  disease 
progresses  this  layer  becomes  thicker  and  more  widespread  gradually 
healing  in  the  middle.  The  wmol  has  a characteristic  rough  look  and 
in  ])laces  is  stuck  together  in  masses.  Regions  where  the  w'ool  is 
thickest  and  longest,  especially  along  the  back,  neck,  flanks  and  rump 
are  favorite  sites  for  the  mite  to  attack.  Dipping  is  the  proper 
treatment.  Tobacco  dii),  sulphur  and  lime,  arsenical  dijis,  8 per 
cent  kerosene  emulsion,  are  good.  All  should  be  apjilied  thoroughly. 
I rees,  fence  posts,  stable  wadis,  etc.  against  which  infested  shee}) 
have  brushed,  should  be  thoroughly  white-washed. 

I he  genus  Choriopks  is  another  non-burrowing  itch  mite  causing 
the  so  called  “foot  scab’  of  sheeji.  It  may  also  attack  the  ears  and 
neck.  Horses,  cattle  and  goats  may  be  attacked  bv  their  owm  partic- 
ular species  of  C/iorioples.  The  condition  is  not  so  serious  as  that 
produced  by  Jkoroplcs  and  is  more  easily  cured. 

1 he  itch  mites  ol  j)oultry  and  other  birds  belong  to  the  genus 
( iicniidocoples.  C . nmhuis  is  the  itch  ndte  of  fowls  producing  what  is 
known  as  “scaly  leg.”  gaU'nuic  is  lound  at  the  base  of  the  feath- 
ers w'here  it  burrows. 
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FAMILY  CYTOLEICHIDAE 

Tlu'sc  are  also  miles  of  fowls.  LaDiinosioplcs  oeeurs  on  or  in  the 
skin  where  it  produees  a ealeareous  cyst.  ( ylolcichiis  is  lonnd  most 
eommonlvin  tln'air  [massages.  Speeii's  ha\a‘  been  taken  Irom  turkeys. 

Superfamily  Demodicoidea 

The  family  hiriophydae  are  plant  leediu's,  many  ot  them  ])rodui  ing 
galls  or  other  deformations  on  the  leaves  and  twigs  ol  plants. 

'The  family  Demodieidae  has  but  one  genus,  Dcmodcx,  wdiich 
lives  in  the  sel)aeeous  glands  and  hair  follieles  of  man  and  other 
animals. 
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'I'ho  scheme  on  i)rece(liniJ:  pauje  imlicates  the  position  in  /,oolopM(al 
classification  of  the  various  rodents  whicli  have  been  found  nalurally 
infected  willi  plapme.  Of  these  tlie  domestic  rats  and  mice  and  the 
California  ground  siiuirrel  are  of  the  greatest  imimrtance  in  the  United 

States  as  harhorers  ol  iilague  bacilli. 

Rodents  have  certain  general  characteristics  which  distinguish 
them  from  other  orders  in  the  class  of  mammals.  'I'hey  are  usually 
small,  furry,  herbivorous  animals  with  clawed  digits  and  plantigrade 
feel.  The  most  characteristic  teature  ol  the  rodentia  is  their  den- 
tition. The  canine  teeth  are  absent  and  the  incisors  are  elongated, 
curved  and  grown  from  permanent  jmlps.  There  are  never  more 
than  two  incisors  in  the  lower  jaw  and  there  are  usually  two  in  the 
upper  jaw.  The  fronts  only  are  covered  with  enamel  so  that  when 
in  use  these  teeth  wear  away  on  the  inner  surface  and  are  thus 
sharpened. 

d'he  members  of  the  family  iNIuridae,  to  which  belong  the  rats  and 
mice,  using  these  terms  in  their  broadest  sense,  have  no  premolars 
ami  the  number  of  molars  on  each  side  of  both  jaws  is  three  with 
the  exception  of  one  genus,  Hydromys,  in  which  the  3rd.  molars  are 
vestigial. 

I'he  Old  world,  true  or  domestic  rats  and  mice  (Murinae),  may  be 
distinguished  from  the  *\merican  torms  (Cricctinae)  by  the  arrange- 
ment of  the  cusiis  on  the  unworn  upper  molars.  In  the  Murinae 
they  are  arranged  triserially,  i.e.,  in  three  longitudinal  rows  while  in 
the  Cricetinae  they  are  arranged  biserially,  i.e.,  in  two  longitudinal 
rows,  one  on  the  outer  and  one  on  the  inner  margin. 

The  common  rats  are  characterized  by  narrow  ungrooved  incisors; 
three  small,  rooted  molars;  soft  fur  mixed  with  hairs,  occasionally 
with  spines;  and  a thumb  provided  with  a short  nail  instead  ol  a claw. 
The  tail  is  ringed  with  overlapping  scales  and  is  naked  or  nearly  so; 
the  ears  are  large,  the  eyes  are  bright  and  prominent  and  the  muzzle 
pointed.  The  difference  between  rats  and  mice  is  mainly  one  of 
size.  Both  have  six  toot  pads.  The  last  on  the  hind  foot  of  rats 
being  elongated  while  in  the  mice  it  is  usually  circular.  C ontrary  to 
the  belief  held  by  some  jieople  mice  are  not  young  rats. 

FAMILY  MURIDAE 
Sub-family  Murinae 

Ratliis  norvcgicKS  (Ciray,  Sewer,  Brown,  Wharf  or  ^sorway  Rat), 
'bins  .species  probably  came  from  Northern  Asia,  migrating  into 
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luirope  some  lime  durinj^  tlie  early  pari  of  ihe  i8lh  ('enlury.  Il  has 
sinee  spread  lo  all  parls  of  llie  world.  Il  is  larger  and  heavier  than 
ihe  following  sjiecies,  its  muzzle  is  less  poinled,  ils  head  is  larger 
and  Ihicker,  its  ears  smaller  and  its  tail  is  shorter  than  the  head 
and  body  eombined.  In  color  it  is  grayish  brown  above  with  over 
hairs  tipped  in  black,  it  is  whitish  below.  Its  average  length  includ- 
ing the  tail  is  about  16.4  inches.  The  length  of  the  hinrl  foot 
is  1.5  to  1.8  inches  (38-46  mm.).  I'he  female  usually  has  twelve 
mammae,  three  pairs  of  pectoral  and  three  pairs  of  inguinal. 

d'he  Norway  rat  is  a powerful  lighter  and  is  ferocious  among 
mammals  of  its  own  size  and  kind.  It  can  burrow  readily  and 
lives  within  or  near  the  ground,  in  burrows,  sewers,  basements, 
between  cellar  or  basement  walls,  in  or  under  lumber  piles  or  wooden 
and  concrete  j^avements  and  similar  places  favorable  to  hiding  and 
breeding.  It  is  especially  attracted  to  places  where  food  is  abundant. 
It  can  gnaw  its  way  through  wood  and  plaster  and  is  a good  swimmer, 
but  a poor  climber.  It  is  omnivorous.  It  can  adajT  itself  to  all 
sorts  of  climates  but  is  more  abundant  in  temperate  regions.  Rats 
breed  the  year  round.  The  ratio  of  females  to  males  is  about  1.8 
to  I.  The  period  of  gestation  is  three  weeks.  The  average  number 
to  a litter  is  eight.  Rats  produce  from  three  to  five  litters  a year. 
The  young  females  are  capable  of  breeding  when  less  than  three 
months  old.  Rats  are  great  travelers,  migrating  from  place  to 
place  on  foot  as  well  as  by  ships  and  trains.  The  rat  population,  in  a 
given  communitv,  is  hard  to  estimate  but  it  is  not  unlikely  that 
usually  there  are  at  least  as  many  as  one  rat  to  every  jK'rson.  Migra- 
tion is  prompted  by  varying  conditions  in  the  food  supply  and  other 
conditions  in  the  environment  inimical  to  the  j)ropagation  of  the 
species. 

Raltus  rattus  (Black,  Ship,  or  Indian  Rat). — Ihe  black  rat  is  more 
slender  in  build  than  the  gray  rat.  Its  head  is  longer,  its  muzzle  is 
more  pointed,  its  ears  are  larger  and  wider  and  when  laid  forward 
reach  to  the  middle  of  the  eye  or  beyond.  The  tail  is  longer  than 
the  head  and  body  combined,  d'he  fur  is  soft  and  thicker  than  that 
of  the  brown  rat  and  the  color  is  blue  black  abo\'e  and  black  or 
slaty  gray  below  (on  the  belly).  Its  average  length  is  14. Q inches, 
d'he  kaigth  of  the  hind  loot  is  Irom  1.3  inches  to  1.5  inches,  (33“37 
mm.).  The  females  of  both  the  black  rat  and  the  roof  rat  {cilcxiiu- 
(In'nus)  have  ten  mammae,  two  pairs  ol  ])ectoral  and  3 ])airs  of 
ijiguinal.  d'he  black  rat  i)robably  originated  in  Southern  Asia, 
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nii.uratinR:  lo  I'AirojH'  nnu'li  I'arlic'f  ihan  llu'  gray  rat.  It  is  the  coni- 
nion  rat  in  India,  and  is  also  found  in  many  parts  ot  tin*  world 
iiu'luding  tlio  I’nitod  Status,  moia'  c‘S])t'iially  in  seaport  towns  to 
whiuh  it  has  been  carried  by  ships.  It  is  the  rat  eommon  to  shii)s. 
Like  the  palm  rat  it  is  a good  climber  and  is  usually  tra])])ed  in  the 
up])er  portions  ol  the  house'.  In  laet  it  is  rather  distinctK  urban 
in  its  habits  and  its  residence  in  houses  brings  it  in  rather  intimate 
contact  with  man.  When  introduced  these  rats  are  Irecjuently 
killed  off  bv  the  more  ferocious  gray  rat  before  they  have  oi)i)or- 
tunity  to  midti]>l\'.  It  has  been  noticed  that  there  is  both  a relatixe 
and  absolute  increase  in  the  numbers  ol  the  black  rat  and  the  house 
mouse  following  a decrease  in  the  number  ol  gray  rats. 

Although  the  black  rat  is  the  common  rat  of  India,  the  gray 
rat  is  more  or  less  numerous  in  the  seaport  towns  ol  that  country 
especially  at  and  near  the  waterfront,  having  been  introduced  by 
ships. 

Rattus  alexiuidriiius  (Alexandrian,  Palm  or  Root  Rat). — 'Phis 
species  is  verv  similar  in  size  and  characteristics  to  the  black  rat 
but  its  color  is  gravish  brown  above  and  white  or  yellowish  white 
below,  d'he  Alexandrian  rat  may  have  been  a native  of  Kgypt  but 
it  is  now  found  in  many  parts  of  the  world,  more  especially  in  warmer 
countries.  It  is  a good  climber,  and  in  tropical  or  semitropical 
countries  lives  in  the  Palm  trees  and  is  thus  known  as  the  palm 
rat.  It  is  7nore  rural  in  its  habits  than  the  Idack  rat  but  also  takes 
up  its  residence  in  houses.  It  is  found  in  the  L nited  States,  more 
es{)ecially  in  southern  seaports. 

In  general,  the  breeding  and  feeding  habits  ol  the  last  two 
species  are  similar  to  those  of  the  gray  rat,  but  the  number  of  young 
to  a litter  is  smaller. 

Albinos  and  spotted  si)ecimens  of  both  the  brown  and  black  rat 
are  not  infrecjuently  ol)ser\'ed.  The  white  rat  of  the  bird  store  is  an 
albino  of  Raltus  iiorvegicus. 

M us  musculus  (d'he  House  Mouse).  The  house  mouse  is  cosmo- 
j)olitan  in  its  distribution.  It  resists  extermination  lyv  the  brown 
rat  and  other  enemies  because  ol  its  diminutive  size  which  enables 
it  to  escape  into  ])laces  too  small  lor  its  c-nemic-s  to  lollow. 

Diseases  Other  than  Plague,  Affecting  Domestic  Rats. — The 
following  are  some  of  the  pathological  conditions  which  have  been 
reported  as  hax'ing  been  found  in  common  domestic  rats: 
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RaL  scal)ics  {Nolocdres  alepis) 
'I'ularacmia 

"Prichinosis  {'rrichhiclhi  spiralis) 
Spiroplcra  ohitisa  (Found  in  stomach) 

Ilymciiolcpis  naiia 

(.ligatitorhynclius  monilijormis  (In 
small  intestine.  Intermediate  host 
a beetle,  Blaps  mucronala) 
Pericardial  effusion 


Consolidation  of  the  lung 
Fatty  degeneration  of  the  liver 
Nephritis 

Atrophy  of  the  kidney 
Lipomas 
Sarcomas 
Carcinomas 
Fihro  adenomas 
Flpitheliomas 

Cancer  of  stomach  due  to  Gongy- 
loncma  ncoplaslicum 

Natural  Enemies  of  Rats.-  Important  natural  enemies  of  the 
rat  are  larger  hawks,  owls,  skunks,  foxes,  coyotes,  weasles,  minks, 
ferrets,  certain  breeds  of  cats  and  dogs,  especially  small,  well  trained 
Irish,  Scotch  and  fox  terriers,  mongoose,  alligators,  and  snakes. 

Economic  Considerations. — Aside  from  diseases  such  as  bubonic 
plague  and  trichinosis  which  may  be  spread  by  rats,  these  vermin 
cause  great  damage  to  food  stutfs  of  many  kinds  including  grains, 
growing  and  stored,  jtoultry,  eggs,  fruits,  vegetables,  etc.  It  has 
been  estimated  that  the  yearly  losses  from  rats  in  Clreat  Eritian  and 
Ireland  are  .$73, 000,000.  It  would  ])robably  not  be  far  wrong  to 
estimate  the  losses  in  the  United  States  during  a year  at  not  less 
than  $2.00  per  capita,  if  one  takes  into  consideration  the  amount  of 
marketable  food  which  they  have  either  eaten  or  spoiled  or  which  is 
otherwise  lost  through  their  depredations,  as  well  as  the  destruction 
to  property  and  the  expense  to  which  many  i)ersons  are  put  to  eradi- 
cate them.  The  great  economic  loss  which  rats  cause  to  a community 
alone  furnishes  an  excellent  reason  for  their  extermination. 

Ectoparasites  Which  Have  Been  Found  on  the  Genus  Rattus 
and  Mus  in  the  Western  Hemisphere.-  The  following  ecto-parasites 


Ral  leprosy 

Leptospira  iclcroJuicoiorrhagiac  (cause  of 
Weil’s  disease) 

Trypanosomiasis  {Trypanosoma  Icwisi) 
Spiroschaiidinnia  morsiismuris  (cause  of 
ral  bite  fever) 

II  ymcnolepis  diminiila 
Ilcpaticola  hcpaticum  (eggs  and  adults 
in  liver) 

Cysliccrcus  fasciolar  is  (cat  tapeworm, 
Taenia  crassicollis)  seen  as  cysts  in 
the  liver) 

Multiple  abscess  of  the  lung 
Cirrhosis  of  the  liver 
Hernia 

Abscess  of  the  kidney 

Vesicle  calculi 

Fibromas 

Adenomas 

Cystic  adenomas 

Adeno-carcinomas 


RODEXrS  OK  (’.N'AWKRS 


217 


havR  hcRii  rR])i)rl(.‘(l  from  rats  in  thr  W estern  Hemisphere  hy  xarioiH 
ohservi'fs:  many  of  these  parasites  ha\e  for  their  normal  hosts  ani- 
mals other  than  rats,  and  sojourn  on  the  rat  is  therelore  ])urely 
accidental : 


Order  Siphonaptera 

Tuiiiia  Citecnlii  Kndcrlein  moi  (Itrazil,  accidentally  on  Kaltiis  rattHs). 

luhidnophaii^ti  galliihiicd  Westwood  1S75  (California,  New  Orleans  and  New 
York  City,  a tlea  of  fowls,  accidentally  on  rats'). 

Pulcx  irrilitiis  Linn.  175S  (San  Francisco,  the  human  tlea,  cosmopolitan, 
accidentally  on  rats). 

Xt'iiopsylla  chcopis  Rothsch.  ujos  (California,  Oalveston,  New  Orleans, 
New  York,  Poston,  the  common  rat  tlea  of  tropical  and  subtropical 
countries). 

Xenopsylla  brasiliciisis  Raker  1004  (Hra/.il,  a rat  tlea  of  Africa  and  India). 

Ctenocephahis  cauis  Curtis  1S26  (Nearly  cosmoi)olilan,  the  dog  flea,  acci- 
dentally on  other  hosts  including  rats). 

Cloiflccpihiltis  fclis  Douche  1S55  (Cosmopolitan,  the  cat  ilea,  accidentally 
on  other  hosts  including  rats). 

II oplopsylliis  anomaliis  Baker  11)04  (California,  a squirrel  tlea,  accidentally 
on  rats). 

Rhopdlopsylliis  givyui  Fo.x  1Q14  (From  rats  at  a quarantine  station,  Georgia, 
a South  American  tlea). 

KIwplopsylliis  adchis  J.  & R.  1023  (Brazil,  on  Rattus). 

Ccratop/iylliis  fa.sciatHs , hose.  1801  (Commonly  found  on  rats  in  San  F'ran- 
cisco.  New  York  City  and  Boston,  a European  rat  Ilea). 

Ceratophyllus  iiigcr  Fox  iqoS  (San  Francisco,  a Ilea  of  fowls,  accidentally 
on  rats). 

Ccratophyllits  aculiis  Baker  1904  (San  Francisco,  a squirrel  tlea,  accidentally 
on  rats). 

Ccratophylliis  loiidi)iicnsis  Rothsch.  1903  (San  Francisco,  a Mediterranean 
species). 

Ceratophyllits  aiiisiis  Rothsch.  (San  k'rancisco,  accidentally  on  rats). 

CeralophyllHS  wagiicri  Baker  1904  (Idaho,  on  a house  mouse,  a tlea  of  the 
white  footed  mouse). 

Anoniiopsylla  nudatHS  Baker  1898  (.\rizona,  accidentally  on  Rattus). 

Phalacropsylla  paradisea  J.  & R.  iqi.S  (.\rizona,  on  Rattus,  M us  and  Mephi- 
tis). 

Ctoiophthahnus  pseudagyrtes  Baker  (Boston,  accidentally  on  rats). 

Peptopsylla  musculi  Duges  1832  (Cosmopolitan,  a Ilea  of  Mus  musculus  and 
Rats). 


Order  Anoplura 

Polyplax  spi)iulasa  Burmeister  (Cosmopolitan,  the  common  rat  louse). 


Order  Mallophaga 

Pliilandcsia  foxi  Ewing  (Xew  York  City,  accidentally  on  Rattus  iiarvegii  us) 


2i8 


IXSKCTS  AM)  DISKASE  OF  MAN 


Order  Acarina 

Boopliiliis  amiiihitHs  Say  (Dallas,  'I'cxas,  on  ral). 

lAirlaps  cell  id  n ill  Its  Hcrlcsc  (Widely  distrilniled,  a common  rat  mile). 

Ltichips  litiwtiiiciisis  l-Avinj?  (New  York  City,  New  Orleans). 

Li poiiyssiis  hactdi  Hirst  (Widely  distributed,  on  mice  and  rats). 

Myohia  iiniscidi  Schrank  (On  mice). 

.\olocdi'cs  iiU'pis  Railliet  & Lucet  (San  Francisco,  on  Ralliis). 

Bdellii  carduuilis  Banks  (New  A’ork  Oily,  accidentally  on  rats). 

FAMILY  SCIURIDAE 

(Squirrels  and  INIarmotsj 

Plague  is  endemic  among  the  ground  squirrels  of  California, 
Cilellus  beeclieyi.  The  characteristics  of  this  squirrel  are  as  follows: 
its  upper  front  teeth  are  large  and  two  in  number,  chisel  shaped  and 
separated  from  the  grinding  teeth  by  a wide  space,  grinding  teeth  at 
least  4 in  each  jaw;  the  fore  feet  are  not  modified  for  digging;  their 
claws  are  normal;  eyes  are  prominent;  ears  large  and  prominent; 
cheek  pouches  are  present;  the  tail  is  well  haired  but  not  bushy  and 
is  more  than  two  thirds  the  length  of  the  body;  the  nail  of  the  thumb 
is  rudimentary;  above,  the  color  is  mixed  black  and  pale  yellowish 
brown.  It  is  terrestial  in  its  habits,  living  in  burrows  in  the  ground. 
It  breeds  in  February,  March  and  April.  The  number  of  young  to 
a litter  averages  8;  the  number  of  males  to  females  is  i to  1.4.  Its 
fleas  are  Ceralophyllus  acutus  Baker  and  Iloplopsyllus  anomalis 
Baker,  both  of  which  feed  readily  on  man’s  blood.  The  louse  of  this 
ground  squirrel  is  Linognathoides  montanus  Osborne. 

The  Siberian  marmot,  Marmola  bohac  is  related  to  the  ground-hog 
or  wood-chuck  and  also  has  some  other  relatives  in  the  United 
States  such  as  the  ground  squirrel.  It  is  characterized  as  follows: 
its  upper  front  teeth  are  two  in  number,  chisel  shaped,  both  large, 
and  separated  from  the  griding  teeth  by  a wide  space,  grinding  teeth  at 
least  4 in  each  jaw;  ears  large;  forefeet  not  modified  for  digging,  their 
claws  normal;  the  tail  is  short  and  less  than  one-half  the  length  of 
the  body,  bushy  and  not  flattened;  the  thumb  nail  is  broad  and  flat; 
the  fur  is  long,  coarse  and  heavy;  the  skull  is  nearly  straight  causing 
the  head  to  appear  flat  above;  the  color  is  uniform  being  yellowish 
brown  above  overlaid  with  black.  It  is  terrestrial,  living  in  burrtiws. 
The  Ilea  of  this  rodent  is  CcralopIiyUus  sUvanticri  (Wagner)  which  has 
been  shown  to  bite  mtin. 
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A FEW  NOTES  ON  TECHNIQUE 

Collecting.  In  lollrcting  insects  the  medic  al  entomolgist  will  be 
most  Interested  in  those  found  in,  on  or  around  animals  or  those  which 
are  found  breeding  in  animal  excrement;  in  those  which  bite  or 
otherwise  annov  man  or  are  tound  in  his  habitation  or  which  breed 
in  human  excrement,  in  carrion  or  other  reluse,  in  food  stubs  or  in 
water  or  damp  i)laces. 

In  collecting  diptera  a net  made  of  bobbinette  of  small  mesh,  with 
a handle,  is  necessary.  It  is  well  to  rear  the  carrion  breeders  by  tak- 
ing some  of  the  material  on  which  the  eggs  or  larvae  are  found  and 
some  of  the  earth  beneath  (or  some  sand  or  loose  soil),  place  it  in  a 
shallow  box  covered  by  a frame  to  which  is  tacked  mosejuito  wire 
screening  and  thus  j)ermit  the  process  ol  development  to  proceed  to 
the  adult  stage.  For  mosquitoes  see  page  247. 

Lice  and  ticks  should  be  collected  directly  from  the  animal  or 
bird,  mites  from  the  animal  or  bird  or  their  nests. 

Fleas  soon  leave  the  host  after  it  is  dead.  Therefore  they  should 
be  collected  from  live  animals  or  perhaps  better  still  from  the  nests 
of  animals  or  birds.  The  nest  may  be  placed  in  a box  with  a j)iece  of 
moist  blotting  ])aper  in  the  top  to  ])revent  drying.  The  larvae  will 
go  on  to  development.  Fleas  may  be  obtained  from  the  host  by 
searching  through  the  hairs  and  picking  off  with  forceps  or  they  may 
be  stupetied  with  a tiny  pledget  of  cotton  on  the  end  of  a match 
stick  moistened  with  chloroform.  The  animal  itself  may  be  placed 
in  a jar  and  anesthetized.  The  lleas  will  then  jump  off  and  feeling 
the  effects  of  the  anesthetic  may  be  readily  picked  uj)  with  a pair 
of  small  forceps,  ('ombing  with  a line-toothed  comb  is  an  excellent 
means  of  dislodging  lleas. 

In  collecting  j)arasitic  insects  the  host  should  be  accurately 
identilied  and  noted  on  the  label. 

Killing.-  For  killing  insects  after  capture,  chloroform  may  be 
used,  or  potassium  cyanide  (a  deadly  ])oison).  Some  small  lumps 
ol  the  latter  are  placed  in  the  bottom  of  a wide-mouth  bottle,  and 
dusted  with  dry  i)laster  of  Paris.  .\  soft  ])aste  of  plaster  of  Paris 
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is  tlicn  added  so  as  to  co\-cr  the  eyanide  for  a depth  of  about  5 mni. 
and  allowed  to  dry.  After  dryinp^  the  bottle  should  be  tipditly  corked. 
W hen  ready  lor  use  a lew  strips  of  blottinj^  ])a])er  ])laced  in  the  bottle 
will  absorb  moisture  and  prevent  insects  ])laeed  therein  from  being 
shaken  around  and  becoming  mutilated.  All  eyanide  not  used 
should  be  adecjuately  disposed  ol  by  burying  it  deeply  in  the  ground, 
away  from  all  possible  contact  with  children  or  domestic  animals, 
as  it  is  a deadly  poison. 

Chloroform  is  a useful  killing  agent  but  stiffens  the  muscles  of  the 
insect.  It  is  ejuite  volatile,  but  will  last  longer  if  pre})ared  as  follows: 
some  elastic  (rubber)  bands  should  be  soaked  in  the  chloroform  and 
then  dropped  into  a wide-mouth  bottle,  and  a piece  of  blotting  pai)er 
pushed  down  over  the  rubber  bands  to  hold  them  in  place. 

The  chloroform  may  be  used  on  a pledget  of  cotton  held  in  place 
at  the  bottom  of  the  bottle  by  a ]:)icce  of  blotting  ])ai)er. 

In  the  field,  for  small  diptera,  tobacco  smoke  may  be  used  in  the 
absence  of  a better  killing  agent. 

If  caught  alive  insects  like  lice  and  mites  may  be  killed  by  immer- 
sion in  water  brought  almost  to  the  boiling  point.  This  method 
tends  to  keep  the  legs  spread  apart.  Larva  may  be  killed  in  hot  water 
before  placing  in  the  preservative. 

Mounting. — Small  diptera  may  be  preserved  in  alcohol,  or 
mounted  on  a slide  in  Canada  balsam.  As  a general  rule  it  is  better 
to  mount  diptera  on  entomological  pins  thrust  through  the  thorax 
dorso-ventrally  a little  to  (he  right  of  the  median  line.  Thirty-four 
mm.  black  insect  pins  Numbers  i and  2 are  handy  sizes.  Some 
prefer  to  mount  insects  on  small  triangular  pieces  of  thin  white 
cardboard  or  heavy  white  paper,  about  8 mm.  long.  The  entomo- 
logical pin  is  thrust  through  the  base  of  the  triangle  and  the  point 
of  the  triangle  is  fastened  to  the  ventral  surface  of  the  insect  by 
some  adhesive,  a good  one  being  white  shellac  dissolved  in  95% 
alcohol.  This  is  a good  method  for  small  dijitera;  another  is  to 
use  very  small  entomological  ])ins  (micro-pins).  These  are  useful  in 
mounting  mos(|uitoes.  d'he  micro-pin  is  thrust  through  the  thorax 
of  the  insect  and  its  point  is  then  inserted  into  a small  piece  of  cork 
which  in  turn  is  pierced  by  the  larger  jiin. 

.\fter  the  insect  is  mounted,  the  label,  or  labels,  should  lie  pushed 
uj)  on  the  pin  below  the  insect,  d'he  insect  should  never  be  pushed  to 
the  top  of  the  pin  and  it  and  the  labels  should  be  evenly  spaced.  l*or 
this  ])urpose  a pinning  block  is  uselul. 
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l)i])lora  should  bo  pinnod  whih'  I'rosh.  d'hoy  arc  easily  broken 
when  dry.  If  ihev  have  dried,  they  should  be  relaxed  belore  han- 
dliiyi^.  A relaxing  ehaniber  (moist  ehainber)  may  be  im])rovised  by 
plaeins^  moist  blotting  ])aper  in  a saucer  which  is  then  eox’ered  by 
anolhicr  saucer.  Or,  a jar  containing  a layer  ol  inoist  sand  can  be 
used.  A ])iece  of  bloltijig  ])aper  under  the  cover  will  ])revent  con- 
densed moisture  from  dripping  on  the  si)ecimens. 

I-'leas  should  be  cleared  and  mounted  on  slides.  The  tollowing 
technique  may  be  used; 

1.  KOH  10^(1  in  water  to  dissolve  the  soft  parts  and  to 
decolorize  the  chitin.  The  solution  may  be  used  cold  or  warmed  over 
a water  bath.  Never  use  very  hot  or  boiling  KOI!  as  it  will  distort 
the  parts.  Tn  fact  some  authorities  dispense  with  it  altogether.  If 
used  it  must  not  be  allowed  to  act  too  long.  The  ])rocess  must  be 
watched.  A Ilea  can  be  comi)letely  decolorized  by  the  caustic  and 
this  is  highly  undesirable. 

2.  Wash  thoroughly  in  water  to  remove  all  of  the  caustic. 

3.  Dehydrate  by  running  through  the  alcohols,  80%  and  95% 
each  about  15  minutes,  and  then  in  two  changes  of  absolute  alcohol. 

4.  Clear  in  Xylol  or  Oil  of  Cloves. 

5.  Mount  in  Canada  balsam. 

.\n  excellent  dehydrating  and  clearing  agent  is  carbolic  acid  crys- 
tals dissolved  in  xylol  to  saturation.  When  this  is  used  no  absolute 
alcohol  is  necessary. 

In  dried  specimens  the  soft  parts  have  practically  disappeared 
through  dessication.  If  not  mutilated  such  specimens  make  good 
mounts  and  the  caustic  need  not  be  used.  If  a specimen  is  con- 
tracted it  will  ex])end  if  treated  with  lloOi  before  pre])aring  to  mount. 

With  lice,  best  results  are  obtained  if  they  are  stained  before 
mounting,  as  follows; 

1.  Treat  until  transparent  with  warm  KOH  (10%). 

2.  Wash  thoroughly  in  water. 

3.  Stain  with  Acid  fuchsin  in  water  to  which  .008  IIC'l  has  been 
added.  The  si)ecimen  should  be  over  stained. 

4.  Run  through  the  alcohols  rapidly.  The  alcohol  decolorizes 
and  therefore  the  jmocess  slundd  be  watched. 

5.  Clear  in  Xylol  or  one  of  the  other  clearing  agents. 

6.  Mount  in  Canada  balsam.  Professor  Herms  uses  weak 
Magenta  red  for  staining  lice,  k’or  removing  small  insects  from 
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solutions  or  for  i)i])eUin”;  off  ;i  solution  to  he  rci)lacc(l  by  another, 
a medic  ine  (lro])])er  is  useful. 

Preservation.  I''or  i)reser\inf^  the  ])inned  specimens  a si)ecial 
entomological  box  (Schmitt  box)  should  be  obtained.  It  should  be 
air-tight  and  light-tight,  therefore  it  should  have  a well  fitting  cover. 
It  should  have  a soft  inner  bcjttom  made  of  cork  or  jiith  so  that  the 
j^in  carrying  the  insect  can  be  easily  ])ushed  into  it.  Special  pinning 
forceps  may  be  obtained. 

Certain  beetles  and  mites  are  pests  to  a collection  and  completely 
destroy  the  specimens  through  their  dei)redations.  Therefore  it  is 
well  to  fumigate  occasionally,  i)lacing  the  specimen  box  in  a larger 
box  and  using  carbon  bisulphide.  A repellant  should  also  be  kept 
in  the  sjiecimen  box.  Nai)hthelene  is  a good  one.  I he  flakes  may 
be  tied  in  a small  bag  fastened  to  an  inside  corner  of  the  box,  or,  a 
pin  may  be  heated  and  thrust  head-first  into  a naphthelene  ball 
(moth  l)all).  When  cool  the  pin  will  be  securely  fixed  in  the  naph- 
thelene and  can  be  i)ushed  into  the  bottom  of  the  box.  Another 
method  is  to  melt  the  naphthelene,  then  tilt  the  box  slightly  and 
pour  the  naphthelene  into  a corner  or  between  the  corners  where  the 
bottom  joins  the  sides. 

Shell  vials  may  be  used  for  storing  specimens.  The  pin  bearing 
the  insect  is  thrust  into  the  cork.  The  specimen  should  be  allowed 
to  dry  before  the  cork  is  put  in  place  as  moisture  condensing  inside 
of  the  vial  will  favor  the  growth  of  moulds.  The  tip  of  the  cork 
may  be  dipped  in  melted  naphthelene. 

Formaldehyde  in  a 4%  solution  (i  part  of  commercial 
formalin  to  10  parts  of  water),  is  a good  preservative  for  fly  and 
mosciuito  larvae.  It  is  also  a good  fixing  agent  for  tissues. 

To  preserve  such  arthropods  as  fleas,  lice,  ticks,  bed  bugs  etc., 
70%  alcohol  is  satisfactory.  In  this  they  may  be  kept  indefi- 
nitely. A very  small  amount  of  glycerine  added  to  each  vial  will 
prevent  the  too  rapid  evaporation  of  the  alcohol.  It  will  also 
prevent  drying  even  after  the  alcohol  has  evaj^orated.  Homoe- 
pathic  vials  make  good  containers. 

All  containers  should  be  i)roperly  labeled  wdth  the  name  of  the 
specimen,  host,  date  of  collection,  locality,  name  or  initials  of  col- 
lector and  also  the  initials  of  the  one  who  made  the  identification. 

It  is  better  to  jnit  the  label  insitle  of  the  vial  with  the  specimen 
rather  than  to  paste  it  on  the  outside.  It  should  be  written  in 
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\vali‘ri)ro()l'  ink  and  iinnu-rscd  in  alcohol  hclorc'  i)iiltinjj;  it  in  witli 
the'  s])c'cinu'n . ()rdinai'\'  lead  pc'ncil  may  he  used  hut  will  lade. 

Examination.  A hinoeular  mieroseope  lor  c'lilomolo.yieal  work 
is  almost  indispensahh'  for  the  examination  ol  Ilies,  mosciuitoes, 
ticks,  etc.,  i.e.,  all  insc'cts  that  arc-  not  adapted  to  clearing  ami 
mounting  on  a slide',  k'ven  with  insects  like  Ileas  much  can  he 
learned  from  the  unmounted  specimen  hy  the  use  ol  a hinoeular 
microscope.  A fj;ood  liyht  from  aho\-e  is  essential.  Artilicial 
illumination  and  a good  rellector  or  a locusiiyy  <j;lass  to  dirc'ct  lifj;ht 
on  the  lie'ld  to  he  examined  should  he  availahle.  In  lieu  of  a hinocu- 
lar  microscope,  a dissecting  microsco]K'  can  he  used.  For  held  work 
a }K)cket  magnif_\  ing  glass  should  he  carried.  A half-inch  lens  is  a 
useful  size. 

For  holding  ticks,  tly  larvae,  etc.,  or  insects  mounted  on  pins, 
in  any  position  desired  for  study  under  the  microscope,  ])lasticine  or 
modeling  clay  are  useful.  Or,  a cork  stopper  may  he  used  where 
insects  are  mounted  on  jhiis. 

Cleared  specimens  should  he  examined  with  the  low  power  of  a 
compound  microscope,  and  with  the  light  coining  from  helow.  A 
very  bright  light  is  not  always  desirable  for  this  purpose.  It  should 
he  regulated  to  suit  conditions.  For  details  a higher  powered  lens 
should  he  used. 

When  one  has  a long  series  of  insects  like  fleas  to  examine  it  is 
not  necessary  to  mount  all  of  the  specimens.  Take  them  from  the 
alcohol  in  which  they  are  preserved,  and,  either  cleared  or  uncleared 
arrange  them  on  a slide  and  examine  with  the  comjiound  scope. 
Mount  only  those  in  which  there  is  any  doubt  as  to  their  identity. 

Forwarding.-  Dijitera  may  he  shijiped  in  pill  boxes.  To  prevent 
them  from  being  shaken  around  in  the  box,  small  pieces  of  loosely 
crumjiled  tissue  paper  may  he  used.  Never  permit  cotton  to  come 
in  contact  with  an  insect  as  the  setae  will  become  entangled  in  the 
fibres  of  the  cotton,  making  it  hard  to  separate  them  without 
mutilation. 

Insects  that  can  he  preserved  in  alcohol  should  be  shipped  in 
Homeojiathic  vials  well  stopjiered  and  surrounded  hy  cotton. 

In  all  cases  a strong  outside  container  should  he  used  and  if 
sent  by  mail  the  regulations  of  the  Post  Oflice  Dejiartmenl  should 
he  followed. 

Dissection  and  Staining.  Mosquitoes.-  ITr  the  internal  organs, 
fresh  specimens  should  he  used.  First  take  off  the  legs  and  wings. 
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place  the  inosciuito  on  a j^lass  slide  and  remove  all  debris.  If  the 
salivary  ^^lands  and  the  alimentary  tract  of  the  same  moscjuito 
are  recpiired  the  former  should  be  dissected  out  lirst. 

d'he  thorax  should  be  steadied  by  a needle  held  in  the  left  hand, 
then  with  another  needle  in  the  right  hand,  draw  the  head  away 
from  the  thorax  and  into  a drop  of  saline  solution  by  a series  of  gentle 
pulls.  'J'he  oesophagus  and  muscles  will  rupture  and  the  glands  with 
their  ducts  will  be  drawn  out  of  the  thorax  together  with  some 
muscle  fibres,  fat  body,  nerve  trunk  and  cervical  tracheae.  Cut  the 
mass  loose  from  the  head.  The  glands  may  be  identified  by  their 
highly  refractile  appearance  and  may  then  be  separated  from  the 
other  tissues. 

To  remove  the  alimentary  canal,  steady  the  thorax  as  above  and 
then  with  a second  needle  gently  crush  between  the  last  and  next  to 
last  segments  of  the  abdomen  dorsally  and  ventrally.  Draw  the 
last  segment  away  from  the  abdomen  into  a drop  of  salt  solution  by  a 
series  of  slow  steady  pulls  as  before.  The  alimentary  canal  up  to 
the  oesophagus,  and  the  reproductive  system  will  be  drawn  out 
of  the  abdomen  and  can  be  dissected  away  from  each  other  and  from 
the  tracheae  which  hold  them  in  position.  It  may  be  necessary  to 
cut  the  main  tracheae  before  the  organs  are  entirely  free  from  the 
abdomen.  The  tracheae  can  be  identified  by  their  silvery 
appearance. 

When  the  salivary  glands  of  the  same  mosquito  are  not  required, 
it  is  better  to  decapitate  by  cutting,  not  pulling,  before  attempting  to 
take  out  the  mid-  and  hind-gut.  It  is  also  better  to  wait  until  the 


stomach  is  partially  empty,  before  killing. 

Ticks.-  -To  dissect  a tick  one  should  slit  around  the  edge  or  cut 
away  a thin  slice  of  the  integument  from  the  edge,  extending  from 
the  level  of  one  coxa  to  the  coxa  on  the  opposite  side.  The  tick 


should  then  be  placed  ventral  side  down  and  held  by  an  entomolog- 
ical pin  thrust  through  the  side  of  the  basis  capituli.  I he  paraffine 
trough  devised  by  Christophers  may  be  used.  I he  tick  being 
fastened,  the  dorsal  fiap  is  lifted  and  the  lateral  incisions  carried  up 
along  the  sides  of  the  cephalo-thora.x  by  a needle  with  a cutting 
edge.  This  llap  is  then  slowly  reflected  back  over  the  capitulum. 
The  internal  organs  are  then  in  ^•iew  with  the  aorta  uppeimost. 
I'he  various  organs  can  then  be  separated,  but  great  care  is  neces- 
sary. A medicine  droi)per  may  be  used  to  wash  away  debris  or 
material  from  a ruptured  intestine  which  obscures  the  field. 
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rile  paralliii  trough  (li'viscd  by  ( 'hristopluTS  is  mack'  by  lilliiiy 
a ylass  disli  liki-  a Ik-tri  dish,  willi  about  oiU‘-hall'  inch  of  a niixlurc  of 
uu’lti'd  ])araltiiu'  and  lamp  black  which  is  then  permitted  to  cool  and 
harden.  Specimens  may  be  fasteiu'd  to  this  with  enlomoloyn'cal  pins. 

I-'rancis  has  had  yood  dissection  results  by  holding  insects  in 
place  with  a strip  ot  surgeon's  adhesi\'e  plaster  li.xed  to  a thin  jiiece 
ol  wood. 

('Iiitinous  parts  may  be  dissecti'd  apart  in  the  cleariipy  aji;ent 
■Xylol  or  Oil  ol  ('lox'es)  but  it  must  be  remembered  that  Xylol 
and  Q5' ( or  absolute  alcohol  tend  to  make  chitin  brittle. 

In  dissectiny  insects,  practice-  alone  makes  jierlect.  This  is 
e-^iiecially  true  in  the  case  of  small,  chitinous  insects  like'  lice  and 
tleas.  Many  attempts  must  be  made  before  one's  efforts  are 
."uccessful. 

Some  form  of  dissecting  microscope  is  necessaiw,  together  with 
clean  instruments,  including  line  iiointed  needles  and  needles  which 
have  been  ground  to  a sharj)  cutting  edge  on  one  side. 

k'or  purpose  of  study  and  demonstration  it  is  well  to  stain  and 
mount  the  various  organs.  The  techniciue  used  by  Patton  and 
f ‘‘‘iffg  i^  briefly  as  billows:  Mood  with  salt  solution  and  remo\'e  all 
parts  not  wanted  and  all  debris. 

Remove  salt  solution  with  a jiipette  or  piece  of  filter  jiaper  and 
arrange  the  organs  in  jiosition  on  the  slide. 

When  the  s])ecimen  is  just  beginning  to  dry  allow  a small  dro])  of 
the  hxing  solution  to  come  in  contact  with  one  edge  and  draw  it 
around  the  edges  with  a clean  needle.  As  the  material  becomes 
opaque  add  more  of  the  fixing  agent  and  finally  immerse  in  a (kiplin 
jar  full  of  it  for  one-half  to  one  hour. 

I he  fixing  agent  is  Bless’  Iluid  composed  of, 

7 parts 

• Vlcohol  70'  , qo  [larts 

(ilacial  Aietic  ..\ci(l ^ jiarts 

It  should  not  be  used  more  than  ten  days  old. 

I hi.s  h.xes  the  tissue  to  the  slide  and  also  is  the  li.xing  agr-nt  for 
the  cells  ol  the  tissue. 

from  the  lixing  agent  carry  the  specimen  to  ■jo*',  alcohol  where  it 
may  remain  until  ready  to  conqilete  the  jirocess.  'Phen  remove  to 
<So";  alcohol  for  10  minutes,  g5%  alcohol  for  10  minutes  and  absolute 
alcohol  for  one  hour.  Reverse  the  process  back  to  qT,  alcohol 
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allowing  a lew  minutes  to  eaeh  transfer  and  then  oN’erstain  in  haema- 
toxN'lin.  Staining  usually  recjuires  several  hours.  Decolorize  in 
acH'tic  acid  or  hydrochloric  acid,  watching  the  ])rogress  under 
the  nncrosco]-)e.  When  sutliciently  decolorized  carry  through  the 
alcohols  to  absolute,  to  secure  dehydration.  Clear  in  oil  of  cloves 
and  mount  in  C'anada  balsam. 

Hora.x-carmine  may  also  be  used  as  the  stain  in  ])lace  of 
haematoxylin. 

'I'o  section  insects  or  their  tissues  one  reciuires  a knowledge  of 
histological  technique.  The  techniciue  is  the  same  except  that  with 
insects  one  is  dealing  with  material  ol  very  small  size.  It  is  better  to 
isolate  the  organ  desired  before  prei)aring  for  section,  although  whole 
insects  may  be  sectioned  with  more  or  less  success.  I*  or  solt  parts 
only  paraltin  embedding  is  satisfactory.  It  will  also  answer  for 
mosquitoes,  kor  insects  like*  Ileas  where  much  chitin  is  present  the 
double  embedding  method  (parallin  and  celloidin)  is  Ijetter.  Ihe 
celloidin  should  be  allowed  to  act  for  some  time  but  there  should  be 
a minimum  exposure  to  the  paraltin  as  it  temds  to  make*  the  chitin 


brittle. 

Whole  insects  may  be  fixed  in  formalin  solution  or  in  a concen- 
trated solution  of  bichloride  of  mercury  in  alcohol  containing  s7c 
of  glacial  acetic  acid.  Fresh  material  shouhl  be  used.  The 
wings  and  legs  should  be  removed  to  permit  of  better  penetration 
of  the  fixing  fluid.  A small  opening  may  be  made  in  the  abdomen 
for  the  same  jiurpose.  Sectioning  through  chitin  is  unsati^factor\ 
and  a numlier  of  sections  may  have  to  be  made  before  obtaining  good 
ones.  Stiles  has  had  good  success  in  sectioning  heavy  chitin  by  first 
imbedding  in  paraffin.  Before  cutting  a section  paint  the  top  of 
block  with  a solution  of  gum  mastic  ( IMastixharz),  using  a camel 
hair  brush.  Let  dry,  then  cut.  Mount  section  gum  side  down. 
The  chitin  is  softest  in  newly  emerged  insects.  After  lixing  well,  the 
insect  may  be  pul  into  warm  KOII  solution  ( loW)  or  in  Labarraque  ^ 
solution  for  a short  ])eriod. 
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INTRODUCTION 

Arthropods  nia\'  he  dix'ided  into  those  wliieh  are  ptuasitii  .ind 
those  whieh  are  not.  A pani.silc  is  an  ort^anisni  which  lives  wliolU 
or  in  part  on  llu“  tissues  or  juices  ol  another  usually  lat^ei  species, 
the  liost.  A temporary  parasite  visits  the  host  tor  the  pui'iiose  ot 
teedinyf  or  hreedinu;  and  remains  with  the  host  lor  a limited  i)erio<i  of 
time  only  (hed  hu,ct,  moscpiito,  bot-lly  etc.).  Perniaiieiit  parasites 
remain  with  the  host  unless  destroyed  or  remoc'cd.  Parasites  aie 
termed  eetoparasites  when  they  dwell  upon  or  within  the  intejtu- 
ment  of  the  host,  and  endoparasites  when  they  dwell  within  the 
])ody. 

An  insect  mav  be  accidentally  parasitic  ( pseudo  parasitism)  as  loi 
e.xample  when  eft;gs  or  larvae  of  tlies  are  deposited  in  wounds,  in  the 
nose,  ears  or  sinuses,  or  are  swallowed.  This  is  sometimes  the  case 
with  the  blow  Hies,  the  screw-worm  tly  etc.  Although  out  of  their 
natural  habitat  these  immature  forms  live  and  grow  and  by  their 
presence  mav  constitute  a disease  which  may  lead  to  serious  results. 
This  conditiem,  where  the  larvae  ot  tlies  are  involved,  is  known  as 
mviasis.  Mviasis  may  also  be  a manifestation  of  true  temporary 
parasitism  as  tyi)ihed  in  the  bot-flies  where  part  of  the  life  history  is 
alway  sjKmt  in  an  animal  host. 

•An  arthropod  may  be  of  medical  interest  without  being  parasitic, 
the  house  fly  for  e.xample. 

Non-parasitii’  arthropods  may  cause  injury  and  disease  in  one  ol 
four  ways; 

1.  Bv  .serving  as  mechanical  agents  in  the  dissemination  ot  infec- 
tious material. 

2.  By  biting  and  stinging,  and  inoc  ulating  a \enom. 

3.  B\'  harboring  a ])arasite  which  man  may  acciuire  through 
accidental  contact. 

4.  By  ])seudopara.sitism. 

The  house*  tly  i)rc*c‘minently  illustrates  the  lirst  of  these  principles. 
It  breeds  in  tilth  and  feeds  uj)on  human  tilth  which  it  carric's  in  its 
intestinal  tract,  on  its  probosc  is  and  on  its  fc'c’t,  back  to  man  usually 
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through  contamination  of  his  food,  'riuis  it  may  carry  diseases  of 
the  intestinal  tyj)e,  notably  typlioid  fever  and  dysentery,  both  bacil- 
lary and  amoebic.  In  the  latter  ca.se  it  is  the  encysted  stage  of  the 
Eudaniocha  l/isiolylicd  which  is  transported  in  its  intestines. 

C'ertain  non-j)arasitic  arthrojiods  although  they  may  be  incaj)able 
of  sucking  blood  are  never-the-less  cajiable  ol  inoculating  venom 
through  a bite  or  sting  si)iders,  scorjiions,  centii)edes,  hornets,  bees, 
wasps,  etc.  While  such  bites  or  stings  are  rarely  fatal,  serious  symj)- 
toms  may  follow  and  certain  indi\-iduals  who  have  become  sensitized 
may  exhibit  ana])hylactic  phenomena. 

I he  third  method  by  which  a non-parasitic  arthropod  mav  be 
dangerous  to  man  is  illustrated  by  the  Cyclops  coronatus,  a .small 
fresh  water  crustacean  which  harbors  the  embryos  of  the  (iuinea 
worm  (Dracuncidus  mcdinensis).  Man  becomes  infested  by  swallow- 
ing water  containing  the  infected  Cyclops  which  is  destroyed  by  the 
gastric  juice  and  the  embryo  worm  liberated. 

I he  lourth  way  (])seudoj)arasitism)  has  already  been  mentioned. 

Parasitic  arthroj)ods  cause  injury  or  disease  in  two  principal 
ways : 

1.  By  their  habits  (burrowing  or  biting)  which  lead  to  irritation 
and  subsequent  inflammation  of  the  skin,  frequently  heightened  by 
scratching  lice,  itch  mites  etc.;  or  the  habit  requiring  them  to  spend 
I^art  of  their  life  history  in  an  animal  host  (bot-fly). 

2.  By  the  withdrawal  of  infected  blood  from  a patient  and  inocu- 
lation of  another  ])erson  at  a subsequent  biting.  'Phe  transfer  of  the 
causative  agent  of  the  disease  may  be  effected  by,  (a)  direct  transfer- 
ence of  the  microorganism  without  change  or  no  change  other  than  a 
simple  multiplication  within  the  alimentary  tract  of  the  arthroi)od, 
as  in  the  case  of  the  Bacillus  peslis  carried  by  the  flea,  (b)  Cyclic- 
ally, indirect  or  transference  only  after  part  of  the  life  cycle  of  the 
infecting  organism  has  been  com])leted  in  the  body  of  the  arthropod 
host  as  in  the  case  of  the  ])lasmodium  of  malaria. 

Even  though  they  carry  no  causative  agents  of  disease,  all  biting 
blood-sucking  arthropods  jiroduce  a reaction  through  the  bite,  because 
of  an  irritating  principle  in  the  salivary  secretion,  the  degree  of  reac- 
tion depending  upon  the  suscej)tibility  ol  the  indi\  idual  bitten.  The 
])ermanent  parasites,  like  the  itch  mites  and  pi'diculi,  by  reason  of 
their  prolonged  visitation,  numerous  bites  or  s])ecial  habits,  ordinar- 
ily cause  more  or  less  seven-  irritation,  loss  ol  sleep  leading  to  lowered 
\’itality,  or  secondary  dermatitis. 
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Soiiu-  III  tlu'  iiiosl  pi'cvalcnt  a>  ua-ll  as  sonic  ol  tin-  more  scriou> 
(liseascs  ol  man  an’  transmillcd  liv  lilood  sucking  aiihropods,  nolalil} 
yellow  fevi'r,  ty])luis  lever,  liuhomd  plaj^ue,  sleejiinj^  sickness, 
malaria,  Rocky  Monntain  spolttal  Ikwer,  lilariasis,  relapsing  lever, 
dengue,  ele. 

In  studying  a disease  the  modi'  of  Iransmission  ol  which  is  not 
understood  the  ejiidemiologist  must  always  hear  in  mind  the  |)ossi- 
hility  that  a blood  sucking  arthrojiod  may  play  the  principal  role  in 
."preading  the  disease  or  in  fact  may  he  the  only  means  hy  which  it  is 
I'jiread  in  nature. 

Il  a disease  is  spread  hy  a blood  sucking  arthropod  the  causative 
agent  must  he  circulating  in  the  peripheral  blood  of  the  patient  or 
carrier,  either  in  the  plasma  or  in  the  cells,  at  the  time  of  sucking  the 
blood.  C'onversely,  if  the  causative  agent  of  a disease  circulating  in 
the  blood  stream  is  locked  up  in  the  body  so  that  it  does  not  escajie 
in  any  discharge  from  skin  or  mucous  membrane,  the  disease  can  only 
be  spread  in  nature  through  the  withdrawal  of  the  \'irus  by  a biting 
insect  or  other  arthropod,  which  in  due  course  of  time  is  transferred  to 
another  person.  Such  transference  may  take  place  in  several 
ways;- 

First.  'I'he  \irus  may  gain  access  to  the  animal  host  liy  way  of 
the  jiroboscis  during  the  act  of  biting.  If  so,  it  may  be  present  in 
the  salivary  juices  injected  into  the  wound  as  in  the  transference  of 
malaria;  it  may  be  regurgitated  Irom  the  alimentary  canal  as  in  the 
transference  ol  bubonic  plague;  it  may  jiass  down  in  the  hollow  of 
the  labium  as  in  the  transference  of  lilariasis;  or  it  may  be  bv  siinjile 
I ontamination  ol  the  mouth  parts  ol  the  arthropod,  which  having 
recently  sucked  the  blood  ol  an  infected  person  or  animal,  may  be 
contaminated  for  a brief  jieriod  of  time  and  so  infect  a susceptible 
person,  as  is  sometimes  the  case  in  sleeping  sickness. 

Second.  An  insect  while  engaged  in  biting  may  be  crushed  by 
the  hand  and  the  contents  ol  its  body  may  be  inoculated  into  the 
."kin  by  scratching,  or  by  rubbing  it  into  the  wound  made  at  the  time 
ol  Ijiting.  I his  occurs  in  the  case  ol  lice  intected  with  the  micro- 
organism." of  rela])sing  fe\er  which  penetrate  the  walls  of  the  ali- 
mentary trad  ol  the  louse  and  gain  access  to  tlu'  body  cax’ity. 

I bird.  ( ontaminated  li'ces  Irom  the  arthropod  may  be  de|)os- 
ited  at  the  site  of  the  jnmclure  made  by  the  bite,  the  \-irus  then  being 
rubbed  in  through  "cratching.  I his  sometimes  occurs  in  the  trans- 
mission of  bubonic  plague  by  the  Ilea  and  may  occur  in  other  di.seases. 
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includin'.’;  Irriich  lever,  typhus  lever  and  tiek-horne  relapsint; 
fever. 

It  is  possible  that  man  may  become  infected  with  some  micro- 
organisms by  ingesting  an  ectc)j)arasite  which  is  serx  ing  as  the  artho- 
pod  host  for  the  microorganism.  Among  human  Iceings  this  mode  of 
transmission  could  only  occ  ur  accidentally  as  civili/ed  man  does  not 
intentionally  cal  his  parasites,  but  it  is  known  that  white  rats 
become  infected  with  an  lirpalozooii  through  ingestion  of  the  rat 
mite  {T.aelaps  ccJiiduiuus)  which  transmits  the  organism  from  another 
infected  rat.  The  ta])e  worm  of  dogs  and  cats  (Dipylidium  caninum  ) 
has  l)een  rarely  found  in  man.  Infection  in  man  is  prc)])al)ly  due  to 
the  accidental  ingestion  of  dog  Ileas  or  lice  which  harbor  the  larval 
stage  of  the  worm. 

So  far  as  known  it  is  only  in  the  case  of  a i)arasitic  animal  organism 
that  a definite  stage  in  the  life  cycle  of  the  organism  does  take  place 
in  the  l)ody  of  the  arthropod  host.  When  such  a stage  in  the  life 
history  of  the  organism  is  necessary,  a period  of  time  must  always 
elapse  between  the  withdrawal  of  blood  from  the  patient  or  carrier 
and  the  transfer  of  the  infection  to  another  person.  This  interval 
of  time  is  known  as  the  extrinsic  period  of  inenhation.  This  period  is 
not  always  definite  for  much  depends  on  atmospheric  temperature 
but  until  it  has  been  completed  the  arthre^pod  host  cannot  convey 
the  disease. 

'I'he  host  in  which  the  sexual  cycle  of  the  microorganism  occurs  is 
known  as  the  definitive  host.  The  dehnitive  host  is  believed  not  to 
be  harmed  by  the  jiresence  of  the  organism.  The  host  in  which  the 
asexual  cycle  of  the  microorganism  occurs  is  known  as  the  inter- 
mediate host.  The  intermediate  host  is  harmed  by  the  jiresence  of 
the  parasite.  As  examples  one  may  mention  inalaria  in  which  the 
mos(iuito  is  the  definitive  host  for  the  malarial  parasite  and  man  is 
the  intermediate  host;  or  lilariasis  in  which  the  mosquito  is  the  inter- 
mediate host  of  the  filaria  and  man  is  the  defmitivi'  host. 

In  the  case  of  those  organisms  known  or  believed  to  have  a 
definite  stage  of  their  life  cycle  in  an  arthropod  host  the  development 
of  the  organism  is  limited  to  one  or  at  most  a lew  species  of  the 
arthropod  concerned,  hor  example,  malaria  can  be  transmitted  only 
by  mosiiuitoes  belonging  to  the  anopheline  group  and  of  these  only 
the  species  of  the  (lenus  .[nopheles  serve  as  the  insect  carriers.  Atri- 
can  trypanosomiasis  is  transmitted  by  but  two  s])ecies  ot  tsetse 
lly,  (ilossina  palpalis  ami  (Hossina  morsitans,  and  lor  that  matter, 
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t.‘;u'h  ol  ihi-sc  t arrirs  a dilTi'ia'nl  spia  ics  ol  IrypaiiDsonu'.  I he 
iransmission  of  yi'llow  l(,‘\a‘r  is  conlinod  lo  one  s])iH  ii‘S  ol  in()s(|uilo, 
llu‘  As  a ^I'lu-ral  proposition  tlu-  arlliro])od  rcniain> 

in  a condition  to  disseminate  the  disease  for  a considerahh'  period  ol 
time,  or  even  tlirougliout  its  active  life.  In  the  cast'  of  ])at lio^femh 
microorganisms  heloni^imi  to  the  vefj;etal)le  kinj^dom,  sojourn  in 
tile  arthropod  is  not  essential.  It  is  onl\’  throu,t;h  force  ol  circum- 
>tances  that  they  enter  the  intestinal  tract  of  the  arthrojiod  and  they 
remain  there  until  eliminated  throuj^h  defecation  or  re.iturj^itation. 
riie  body  cavity,  organs  or  tissue  are  not  at  tuall\-  inx  adeil.  Multi- 
jilication  of  the  microorganism  may  and  usually  tloes  occur,  but 
ordinarily  they  tire  harbtiretl  tinly  for  ti  mtire  or  less  liniitetl  jieriod  of 
time,  the  tentlency  being  for  the  gastrtiintestinal  tract  to  clean 
itself  through  iieristaltic  action.  This  ticcurs  in  the  case  of  the  l1ea 
harboring  the  jilague  bacillus.  Under  such  circumstances  the  mini- 
mum peritid  elapsing  between  the  withtlrawal  of  blood  frtmi  tin 
infectetl  person  or  animal  anti  the  inoculating  bite  is  vtiriable.  it 
may  be  short,  since  the  mode  of  transmission  is  purely  mechanical, 
depending  upon  the  degree  t)f  septicaemia  in  the  animal  or  person 
bitten  as  well  as  upon  the  rapitlity  and  degree  t)f  multiplication  in 
the  alimentary  tract  of  the  arthroptxl,  the  degree  of  peristaltic  actitm 
anti  the  bactericitlal  action  of  the  serum  of  blood  ingested  at  suli- 
setjuent  feedings. 

I he  causative  tigent  t)f  tulartiemia.  Bacterium  lularoisc,  which  is 
regarded  as  a vegetable  jiarasite,  furnishes  an  e.xception  to  the 
remarks  made  in  the  last  paragrajih.  d'his  microorganism  seems  to 
be  cajiable  ol  inlecting  any  tif  the  common  blootl-sucking  insects 
and  actually  jitisses  thrt)ugh  the  stomach  walls  ami  in\  ;ides  the  hotly 
cavity,  'bhe  insect  remains  infective  for  long  periotls. 

Sttme  aninnd  parasites  in  jiassing  through  the  stage  of  the  life 
cycle  lor  which  an  arthrojiod  host  is  required,  are  transmitted  to 
the  second  generation  of  the  arthropod.  A classical  examjile  of  this 
is  lound  in  the  case  of  Babesia  higemina,  the  causative  agent  of  'Fexas 
lever,  a disease  of  cattle,  which  is  transmitted  by  the  second  genera- 
tion ol  ticks.  'File  inlected  female  leaves  the  infected  ajiimal  and 
dejio.^itv  her  eggs  containing  the  microorganisms.  The  newly 
hatched  larvae  seek  new  animal  hosts  and  transmit  the  disease  to 
them.  A loii”  extrinsic  period  ol  incubation  is  thus  recpiired  40 
to  do  days,  40  ol  which  are  reijuired  lor  dex'elojunent  into  the  lar\a. 
.Sur-h  mode  of  transmission  in\’ol\-ing  the  second  generation  of  the 
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intcniu'diary  host  may  lake  placa-  in  the  ease  of  Rcla])siiiyf  fi-vrr  of 
W’ost  and  kiasl  Africa  which  is  transmitted  by  a tick,  and  Rocky 
Mountain  S])ottc'd  k'ever  whicli  is  also  transmitted  l)y  ticks.  In 
both  of  these  diseases,  however,  the  adult  male  and  female  ticks  can 
transmit  the  causatic’e  agents  directly,  the  spread  of  neither  disease 
dependintf  u])on  transmission  to  the  next  jteneration  of  licks. 

It  is  possible  that  some  lesions  in  man  attributed  to  insect  bites 
are.  in  reality,  due  to  infection  by  the  casuative  aj^ents  of  diseases 
of  lower  animals,  the  jjjerm  not  cominif  to  full  maturity  in  the  human 
host. 

Much  remains  to  be  learned  about  the  life  histories  of  ])atho‘tenic 
orttanisms,  animal  and  veftetable,  in  their  passage  through  arthropod 
hosts.  The  examples  cited  will  serve  to  indicate  what  is  known  of 
the  various  ways  in  which  arthropods  may  transmit  disease,  and  the 
possibilities  which  are  to  be  borne  in  mind. 

The  above  remarks  have  ignored  the  possibility  that  the  virus 
may  lea\-e  the  body  of  the  j)atient  or  carrier  by  other  means  as  well 
as  through  the  withdrawal  of  blood.  If  the  causative  agent  of  the 
disease  is  present  in  any  of  the  discharges  there  is,  of  course,  the  ])ossi- 
bility  that  there  may  be  other  modes  of  transference  involved.  It 
may  happen,  however,  that  notwithstanding  the  presence  of  micro- 
organism in  one  or  more  of  the  discharges,  transmission  in  nature  can 
only  occur  by  inoculation  through  the  skin,  'french  fever  is  an 
examj)le  of  this  principle,  'fhe  virus  is  containeil  in  the  blood  ol  the 
patient  and  also  in  the  sputum  and  urine  but  the  disease  is  only  con- 
tracted through  inoculation  into  the  skin,  and  it  is  highly  improbable 
that  infection  could  be  acquired  in  this  way  from  urine  or  sputum 
except  under  most  unusual  circumstances.  fhe  natural  mode  is 
through  the  bite  of  an  infected  louse. 

In  studying  the  relation  of  a disease  to  a possible  arthropod  car- 
rier the  ej)idemiologist  should  consider  the  geographical  distribution 
and  seasonal  prevalence  ot  the  disease  to  ascertain  whether  these 
factors  corresi)ond  to  the  distribution  and  pre\'alence  of  any  arthro- 
j)od  which,  in  virtue  of  its  lile  history  and  habits,  could  serve  as  an 
intermediary  host. 

'fhe  i)oints  to  be  taken  into  consideration  include,  the  time  of 
vear  at  which  the  arthro])od  ap])ears  and  disa]>pears  in  relation  to 
the  time  of  a])pearance  and  disappearance  ol  the  disease;  the  dis- 
tribution of  the  arthropod,  whether  widespread  or  limited  to  cer- 
tain areas;  whether  domestic  or  wild,  i.e.  breeding  in  or  around 
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housi's  or  a\v;i\'  Iroiii  houM'>  in  woodlaiKU.  licld.^,  niar>lu'>,  ^tl■l■anl^. 
mountainous  di>lrirts,  or  lowlands,  otc.;  its  habits  ol  hn-cdinfj;  and 
tlu‘  conditions  (iiu  ludin^  tcmperatuia'  conditions)  under  whit  li  breed 
inu  ot'cur>.  I )oes  it  iinade  the  cities  or  is  it  limited  to  the  countr_\'; 
does  it  enter  Iioum's;  is  it  present  in  laia^e  or  comparatively  small 
number^  durinu  its  ])eriod  of  at  tix  ity;  ih)  its  habits  brin.Lt  it  intt)  ettn- 
tacl  with  man;  tita's  it  suck  bhttttl  anti  if  st)  will  it  attack  man  ttr  is  it 
cttnlinetl  in  its  feetlin^  tt)  ttther  species;  tlttes  it  prefer  ttne  species  tt) 
anttther  anti  wliat  is  its  usual  httst;  tittes  it  t liiyLt  cittsely  tt)  its  httst  ttr 
mt)\-e  abt)ut  acti\ely?  What  tiistances  are  trax’elletl  by  tlipdit  ttr 
otherwist'?'  Will  it  bite  at  all  times  ttr  ttniy  within  certain  ht)ur>;  is 
there  a histttry  t)l  a bite  precetlinji  the  tuiset  t)f  the  tiisease  in  human 
beiiii^s,  anti  is  there  any  exiilence  t)f  an  epi/a)t)tic  amt)n<;  htwer  ani- 
mals which  ma}-  serve  as  httsts  fttr  the  suspectetl  artlirttptttl  ? 

\\  hen  an  arthrttptttl  is  suspectetl  t)f  beino  a httsl,  ])rt)t)f  must  be 
st)uydu  lhrt)uyh  experimental  lal)t)ratt)ry  wttrk  in  attempts  tt)  tlis- 
ct)ver  whether  the  suspectetl  arthrt)pt)tl,  after  havin^t^  bitten  a patient, 
is  capable  t)l  inlectin<f  susceptible  animals  ttr  perstms  thrttu^h  bitin, it; 
t)r  whether  the  salixairy  ,itlantls,  t)r  the  crushetl  l)otlv  t)f  the  arthrt)pt)tl, 
t)r  the  cttnteiUs  t)f  its  gastrt)-intestinal  tract,  or  its  expelletl  feces, 
are  capable  t)t  transmitting  the  tiisease  tt)  susceptible  animals  when 
int)t  ulatetl.  Arthrt){)t)tls  which  have  been  allowed  tt)  feed  t)n  the  blt)t)d 
t)t  j)atients  t)r  tliseasetl  animals  shttultl  be  ])ennittetl  to  feetl  ttn  experi- 
mental animals  Ittr  varittus  lengths  t)f  time  and  at  tlifferent  interxads 
alter  ingestittn  t)t  the  causatix'e  agent  is  jwesumetl  tt)  have  t)ccurretl. 
( )ne  t)l  the  first  things  tt)  be  tleterminetl  is  whether  laborattiry  ani- 
mals are  susct'ptible  by  inticulating  them  with  blt)t)tl,  pus  t)r  tlis- 
charges  trt)m  a tliseasetl  persttn  ttr  animal  ettntaining  either  the 
knt)wn  micrt)t)r, nanism  ttr  the  unkmtwn  \irus  as  the  case  may  be. 
I he  pt)s>ibilit_\'  that  arthrt)])t)tls  ttl  the  secttml  generatittn  mav  trans- 
mit the  tiisease  shttultl  be  bttrne  in  mintl.  When  searching  fttr  para- 
>ites  t)t  animal>  in  an  arthrt)])t)tl  htisl  it  must  be  kept  in  mintl  that 
insects  harbtir  parasites  whit  h are  [teculiar  tt)  themsehes  anti  which 
bear  nt)  relatittn  tt)  tiisease  in  man.  .\s  an  e.xample  tme  might  men- 
tit)n  Her prtoiiioiids  pcdiruli,  a ittuse  parasite',  which  fttrms  cyst>  in  the 
gut,  anti  esta|)es  with  the  leces  tiepttsitetl  upttn  the  human  skin. 
Other  lice  which  leetl  at  the  cttntaminatt'tl  site  are  infectetl  thrttugh 
ingestit)!!.  I' lagellates  illerprloDioiids  anti  CritJ/idid)  are  fret|uently 
lt)unil  in  inset  1.'  such  as  mttstpiiioes,  horst'  Ilies,  Iruil  Ilies,  llesh  Hies, 
blue  bt)ttle  Ilies,  the  house  fly,  Ileas,  lift',  etc.,  anti  at  times  it  is  tinlv 
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after  careful  l)ree(liu<;  in  the  laboratory  that  such  ])arasites  can  t)e 
eliminated,  thus  avoidinjt  confusion.  I'A-en  yeast  ceils  in  the  stom- 
ach of  mos(|uiloes  have  been  conlused  with  inicroorganisms  patho- 
genic to  man. 

Insects  also  have  their  e.xternal  ])arasites.  One  frequently 
observes  lun<j;i  and  mites  ])arasitic  on  insects,  as  well  as  mites  which 
remain  U])on  the  ijisect  to  feed  u])on  the  juices  of  the  ])arasitic  mites. 


ciiAi' I i':k  xx\ 


MALARIA 

Causative  Agent.  .Malarial  ])ara sites  which  ari'  animal  ])r()ti)Z<)an 
blond  parasites  of  the  ('lass  Sporo/oa,  (trder  I laemosporidia  and 
( lenus  Plasmodium.  There  are  three  s|)i‘eies  as  lollows : 

Plasiuodium  vivax  causing  benign  tertain  malaria 

PhisniodiiDU  Dialariac  causing  (|uartan  malaria 

PhisuiodiuD!  I'dltd paniiii  causing  aestixo-autumnal  malaria. 

Source  of  Infection.  The  blood  ol'  a ])(.'rson  ill  with  malarial 
le\'er  or  an  inlec'ted  ano])heles  mos(|uito.  .Man  is  the  intermediate' 
host,  the  mosciuilo  is  the  delinitive  host . 

Mode  of  Transmission.-  In  nature  malaria  is  transmitti'd 
llirough  the  bite-  ol  eertain  species  of  infected  Anophelim'  mos( luitoes. 
d'he  <lisease  can  also  be  transmitted  by  inoculation  of  infected  blood. 

Period  of  Incubation.  About  14  days.  lAxtrinsic  period  of 
incubatie)!!  ten  to  twelve  days. 

Period  of  Communicability.-  As  loiig  as  sexual  forms  of  the 
malarial  parasite  are  ])resent  in  the  peripheral  blood.  Carriers  in 
the  form  of  chronic  cases  are  common  in  malarial  sections  and  are 
res{)onsibIe  in  colder  countries  for  carrying  the  disease  o\er  from 
season  to  season.  Although  a certain  number  of  female  anoi)heles 
survive  the  rigors  of  winter  through  hibernation,  the  malarial  ])arasite 
is  carried  o\-er  in  human  carriers  and  not  in  the  mosejuito. 

Epidemiology.—  Malaria  is  widely  distributed  over  many  parts  of 
the  world;  in  the  tem])erate  zones  as  well  as  in  tropics  and  sub- 
troj)ics.  In  the  Cnited  States  it  is  precalent  in  the  soutlu'rn  states 
and  there  are  malarial  centers  in  the  Xew  England  States  and  on  the 
Pacific  ('oast  of  ('alifornia. 

The  mosfjuitoes  known  or  believed  to  be  imi)licated  in  the  spread 
of  malaria  in  the  Cnited  States  are: 

Anopheles  quadrimnenlalits,  Sav  (by  far  the  most  important 
ve<  tor) . 

Anopheles  enieians,  W'ii'demann. 

Anopheles  pnneli pennis.  Say. 

.1  nopheles  psendo pnnelipennis,  Theobald. 

2,V) 


240 


IXSKC'I'S  AM)  DISKASK  OK  MAX 


( )nly  the  lcin;ile  ol  the  s|)eeies  l)ites;  she  leeds  on  blood.  The 
male  is  a vefjetarian.  heeding  takes  place  at  night.  Ano|)heles 
moscjuitoes  may  be  said  to  have  two  llights,  the  lirst  beginning  at 
dusk  in  search  of  tood;  the  second  beginning  at  dawn  in  returning  to 
the  place  of  rest  or  breeding  ])lace.  It  is  at  dawn  that  the  .1 . quadri- 
maculalns  may  l)e  found  on  house  screens.  It  is  then  ea^il\-  killed 
as  it  is  sluggish  when  lull  ol  blood.  Ano])heline  mosquitoes  are  much 
easier  to  catch  than  the  wary  and  active  yellow  fever  mos(juito. 

• Vnopheles  mosquitoes  rarely  breed  in  water  which  is  polluted 
with  sewage  or  where  decomi)osition  of  organic  matter  is  taking 
place  to  any  great  extent,  or  in  water  which  contains  trade  wastes 
like  suli)huric  acid,  coal  gas  or  oil,  soap  or  grease,  etc.,  nor  do  the\' 
breed  in  the  rapidly  llowdng  parts  of  streams,  nor  ordinarily  in 
deep  water  or  water  the  surface  of  which  is  disturbed  and  rut'lled  or 
which  is  covered  by  ])lants  forming  a dense  film  on  the  surface, 
l-'ish,  predacious  water  insects  such  as  water  boatmen,  and  tad 
])oles  in  large  numbers  may  exj)lain  the  absence  of  anopheles 
lar\ae. 

Where  Anopheles  larvae  are  found  it  does  not  necessarih'  follow 
that  they  are  actually  producing  mosquitoes,  for  where  only  young 
immature  specimens  are  collected  it  may  mean  that  the  conditions 
are  inimical  to  growth  and  that  none  is  actually  going  on  to  full 
develo]nnent.  On  the  other  hand,  where  only  large  nearlv  grown 
larvae  are  encountered  it  may  mean  that  they  were  washed  there 
from  elsewhere  by  heavy  rains. 

The  breeding  places  of  anopheles  mosc|uitoes  may  bc‘  di\ided 
into  natural  and  artificial.  The  first  are  breeding  places  of  choice, 
the  second  are  breeding  places  of  necessity  or  accident.  'Fhe 
natural  breeding  places  are  shallow  shady  |)ools  of  clean  water, 
large  ponds,  especially  near  the  edges,  streams  and  ditches,  more 
especially  in  pockets  at  the  edges,  marshy  areas  containing  small 
pools,  post  holes,  hoof  jirints,  rice  fields,  and  rarely  street  gutters, 
etc.,  in  general,  clear  (luiet  water,  ])onds,  swamps,  pools,  puddles, 
lakes,  lagoons.  A(|uatic  ])lant  life  which  furnishes  shelter  and 
protection  to  the  laiA'ae  jiromotes  breeding.  Plankton  organisms 
and  organic  matter  furnish  food  to  the  larvae. 

.\mong  the  artificial  brei'ding  ])laces  in  which  .Vnopheles  mos- 
(juitoes  may  at  times  breed  are  puddles  ol  clear  fresh  water  where 
some  vegetation  is  present.  Such  ])uddles  may  result  from  drain.s 
from  ice  plants,  leaks  from  water  I'ilies,  fire  jilugs,  punqis,  o\-ertlows 
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Ironi  waliTinLi  troughs,  lanks,  i‘ti  . ( )(a  a>i()nall\'  hri'cdinu;  lakf> 

jilacc  in  harrnls,  lioals,  lounlains  tic  . 

Aiiopluics  (jHii(lrii)iarnl(ilns.  'riii>  moscjuilo  is  rallu'r  ^asli(li()ll^ 
in  its  clioicc  of  a hrcedinu;  place'  and  nun  h prcl'crs,  clean,  clear,  (|uict 
walcr.  >iu  h as  lar^c  ponds  and  t^rassy  puddles.  It  will  not  breed  in 
sewaye  polluU'd  water.  It  breeds  espeeiallv  in  ponds  of  considerable 
width  and  depth  but  when  more  fa\-orabh'  breedin,”;  |)laees  are 
.'>i'aree  it  oeeasionally  may  be  found  in  ])ost  hoh's,  and  rarely  at  the 
I'dites  of  slow  moviiyy  streams  whi're  there  is  ])raetieally  no  surface- 
llow.  In  ])e)nel.s  it  is  eirelinarily  feiund  near  the  e'elyu'  in  shalle)W 
water,  sheltereel  and  |)re)tecteel  by  water  |)lants,  but  has  be'cn  repe)rted 
freem  the'  midelle  e)f  a large  ])e)nel  in  (>  feet  e)f  water  where  lloatage 
(bre)ken  pieces  e)l  blaeles  e)f  wilel  celery  and  jieellen)  turnisheel  pro- 
teetie)!!  by  preventing  any  break  in  the  waves,  thus  permitting  eeidv 
h)ng  sme)e)th  swells,  anel  alse)  furnishing  proteelie)n  against  lish. 

.1.  (juadn jjiaculalus  enters  e)ecu])ied  elwelling  heiuses  in  large 
numbers  and  therefore  ce)mes  inte)  intimate  eeentaet  with  j)ee)])le  at 
the  time  it  is  ready  to  feed.  It  may  be  guided  into  the  house  bv 
lights,  e\’en  by  light  retlected  uj)  the  chimney,  and  it  mav  enter  a 
house  by  way  ol  the  chimney  as  well  as  through  unscreened  windows 
and  doors.  It  is  also  found  in  out  buildings  such  as  privies.  It  ma\- 
jn-efer  the  blood  of  man  to  that  of  animals.  Probably  most  malaria 
is  contracted  at  night  in  the  house  from  the  bite  of  this  anopheline. 
I hi^  s))eeies  may  fly  as  lar  as  i ' ^ miles  trom  its  breeding  jilaee. 
I his  is  perha])s  not  usual,  but  Irom  to  i mile  is  a common  tlight 
tor  .1.  (/nu(li'i/}i(i('nl(ilus.  I he  greater  the  amount  of  breeding  tin- 
greater  the  number  that  will  be  found  at  a distance  from  tin- 
breeding  |)laee,  and  the  greater  the  tendency  towards  long  llights  up 
to  the  ma.ximum.  .1.  (.juadrimanilalus  is  an  ellieient  carrier  of  P. 
vivax.  P.  hil(  if>(in<i)i  and  P . mahudac. 

Anopheles  erueiiiits.  .1.  erueians  is  rarely  lound  in  inhabited 
dwelling  houses.  It  is  not  so  widel>'  distributed  as  either  of  tin- 
other  species,  it  is  a porch  biter  and  is  eommonlv  found  under  the 
house  or  around  the  house,  in  outhouses,  prix’ies,  stables,  etc.,  and 
seems  to  jireler  the  blood  of  animals  to  that  of  man.  Its  maximum 
llight  distance  is  probably  the  same-  as  that  ol  ,1.  (/Hiidrii)i(ieiiliiliis. 
It  may  be  found  breeding  side  by  side-  with  other  Anopheles  but  may 
adapt  itsell  to  brackish  water,  as  in  salt  marshes,  or  wat(-r  containing 
small  amounts  of  chemicals,  conditions  under  which  iieitln-r  lln- 
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ijiuidri Didriildlus  nor  tlu“  pii iicli pciiiiis  will  breed.  .1.  critcidns  i.s  a 
])ro\  en  transmitter  of  P.  fdlcipdniDi  and  P.  vivdx. 

Anopheles  piinelipennis.  'I'his  mosquito  is  more  widely  dislril)- 
uted  and  more  numerous  than  either  of  the  other  species.  It  is  most 
in  e\’idence  in  the  early  evening.  Like  erueidns  it  is  rarely  found  in 
occupied  dwelling  houses  l)Ut  is  a ])roch  biter  and  is  found  under 
liouses  and  in  outliouses,  i)ig  i)ens,  and  the  like.  It  seems  to  prefer 
the  blood  of  animals  to  that  of  man.  It  does  not  fly  far  from  its 
breeding  places  which  may  be  in  sired nis  and  dilehcs  as  well  as  in  small 
jmnds,  marshy  areas  or  other  places  where  qiiddrinuiculdlus  will  breed. 
Slight  ])ollution  of  the  water  does  not  deter  it  from  breeding. 

.1.  puncli pennis  is  a proven  carrier  of  P.  vivdX  and  P . Jdlei porum . 
The  two  latter  sj)ecies  of  mosciuitoes  are  less  im])ortant  dissemina- 
tors of  malarial  infection  than  qiiddrinmenldlns  because  the  Anoph- 
elines  are  shy,  and  biting  outside  while  i)ersons  are  moving  about  is 
not  a common  occurrence. 

Anopheles  pseudopunclipennis.  PYus  moscpiitoe  is  found  in 
the  southwestern  part  of  the  United  States,  southern  C'alifornia,  and 
Texas,  extending  down  through  Mexico,  and  Panama  into  South 
America.  It  may  enter  houses.  It  breeds  in  pools,  ditches,  edges 
of  streams,  ])referring  clear,  pure  water.  .1.  pseudo pnneti pennis  is  a 
proven  carrier  of  P . Jdlci pdnim. 

Some  other  anophelines  which  may  carry  malaria  and  which  do 
carry  malaria  in  other  parts  of  the  world  are: 

Anopheles  (C'ellia)  dlhinuinns  Wiedemann,  (Panama,  Brazil, 
Virgin  Islands) 

Anopheles  K'ellia)  dr^yrilorsns  Robineau-Desvoidy,  (Panama, 
Brazil ) 

Anopheles  (Ccllid)  lorsinideuldlns  (loeldi,  ( Panama,  Porto  Rico) 
A}iopheles  minimus  Theobald  (Philip])ine  Islands) 

Anopheles  (Myzomyin)  Indloici  Theobald  ( Phili])pine  Islands, 
Sumatra ) 

Anopheles  JuligiiiosHS  Liles,  (Philippine  Islands) 

Anopheles  sinensis  Wiedeman  (Philippine  Islands) 

Anopheles  { M yzoehynehns)  borhiroslris  \'anderWulp,  (Philippine 
Islands) 

A)iopheles  {M yzomyid)  enlieijneies  Liles,  (India) 

Anopheles  {M yzomyid)  fnneslns  Liles  (.\lrica) 

Anopheles  mnenli pennis  Meigc'ii,  (Lurope) 

Anopheles  bijnredlus  Linnaeus,  (Lurope) 


MALARIA 
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A.  i)!(ii  nli priiiiis  is  iDund  in  (he  WLstcni  I’nik'd  Stales  and  i' 
tailed  .1.  occifinildlis.  A.  a/hi iiia iius  and  .1.  ari^yn'larsiis  arc  also 
found  in  the  I'nitcd  Stales  hut  ha\a'  not  Seen  implicated  in  llu‘ trans- 
mission of  malaria  in  that  country. 

d'he  life  histories  of  those  moscjuitoes  mentioned  al)o\‘(‘  as  heiny 
tarriers  of  malaria  in  countries  near  or  forming  a part  of  the  United 
Slates  are  hrietly  as  follows; 

Anopheles  tirf^yrilarsns.  h'oiind  in  the  ('anal  Zone,  Brazil,  et(  .. 
breeds  in  small  colh'ctions  ot  water  siu  h as  see])aee  ])ools  aloipy  hill- 
."ides,  ditches  containing  only  a small  (|uanlily  of  water,  foot  prints, 
."Wampy  i)aslures,  and  in  artificial  containers. 

. I itopiteles  albinunnts.  Breeds  in  fresh  or  brackish  water,  even  pre- 
terring  brackish  water,  but  not  foul  water,  ft  is  found  in  ,swam])s, 
hoof  prints,  wheel  ruts,  and  e\en  where  there  is  a very  thin  film  of 
water,  if  algae  are  imesent.  This  mos()uito  enters  houses  in  large 
numljers. 

-1  nopheles  tarsimaeulatiis.  This  mosquito  breeds  in  fresh  or  brack- 
ish water,  but  not  in  foul  water.  It  has  been  taken  from  rivers, 
swamps,  ditches,  small  holes,  hoof  marks,  and  even  artificial  con- 
tainers. The  lar\-al  stage  is  prolonged  to  from  15  to  18  davs. 

Anopheles  minimus.  Found  in  the  ]diilij)])ine  Islands,  India, 
etc.  Breeds  in  ])ools  and  streams,  and  enters  houses  freelv. 

Anopheles  ludhnei.  Will  breed  in  very  fresh  or  salt  water.  It 
ha^  been  taken  from  small  pools,  margins  of  running  streams,  marsh\- 
grounds,  and  lish  ]>onds.  It  enters  houses  freely. 

Anopheles  fnliginosus.  Ordinarily  found  breeding  in  swampv 
places  and  j)ools  containing  much  vegetation.  It  enters  houses  freelv. 

Anopheles  barhirostris.  Breeds  in  shady  pools  and  streams. 
Feeds  in  the  shade  during  the  day.  Rarely  enters  houses. 

.\nopheles  sinensis.  Breeds  in  swamps,  rice  fields  and  water  with 
much  \egetation.  heeds  b_\-  day.  Not  often  found  in  houses. 

Life  History  of  the  Malarial  Parasite.  (Fig.  cp).-  d'here  are 
two  flillerenl  c_\-cles  in  the  life  history  of  the  malarial  jiarasites. 
( )ne  takes  place  solely  in  the  blood  ol  the  human  host,  reiiuiring  from 
48  to  72  hours  tor  its  comjiletion  according  to  the  species,  and  e.xjilains 
the  occurrence  ot  the  periodic  attacks  of  chills  and  fe\‘er.  'This  is 
the  non  se.xual  cycle  (sehizoi^ony) . 'The  other  cycle  has  its  beginning 
in  the  blood  ol  the  human  host  but  is  completed  onlv  in  the  bodv  of 
the  mos(|uito.  'This  cych'  is  known  as  the  sexual  cycle  is poroi^onv) 
and  without  its  completion  malaria  cannot  spread. 
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In  (It'scrihin^  tlicsr  cyck-s  it  is  com-cnient  to  begin  at  the  time  of 
biting  when  the  falciform  spore  (s porozoile)  from  the  salivarv  glands 
ol  the  mos(iuito  is  inoculated  into  the  blood,  d’he  sporozoite  then 
bores  its  way  into  a rial  cell,  assumes  a s])herical  shape  and  enlarges, 
finally  showing  di\'ision  into  s|)oredike  bodies,  d'he  ])arasite  is 
then  known  as  a mcrocytc.  'The  merocyte  ruptures,  the  s{)ores 
{ merozoilrs)  become  tree  in  the  blood  serum  and  then  enter  other  red 
blood  cells  and  the  cycle  begins  anew,  d'his  com])lete  nonsexual 
cycle  takes  from  48  to  72  hours  de])ending  upon  the  species  of  malar- 
ial parasite,  d'he  cycle  repeats  itself  until  there  are  a sufficient  num- 
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Fi(..  y2.— S(,‘.\ual  (sjjorciKony  in  mosquito)  and  nonse.xual  (schizogony  in  man)  of 
the  malarial  parasite.  The  sporogony  diagram  at  the  left  shows  in  lower  portion  the 
fertilization  of  the  female  gamete  by  the  microgamete.  The  venniculus  stage  of  the 
zygote  is  sIkjwii  boring  into  the  walls  of  the  mosquito's  stomach  later  to  become 
the  more  mature  zygote  iKicked  with  sporozoites  as  shown  in  the  up])er  <liagram  of 
the  developnienttd  jirocesses  in  the  mosquito's  stomach.  (From  Stitt's  “Practical 
Bad  eriology , Blood  Work  and  .Animal  l^artisitology,''  7th.  Fdition.) 


ber  of  mcrocytes  rupturing  simultaneously  to  produce  symptoms, 
d'his  represents  a jieriod  of  about  14  days  the  period  of  incubation. 

By  and  by  se.xual  forms  igamcics)  develop  from  some  of  the  non 
sexual  forms  of  the  ])arasite.  d'he  female,  (macroji^amclocylc)  contains 
more  pigment,  less  chromatin  and  stains  more  det'ply  blue,  d'he 
male  {microy^amclocylc)  contains  less  ])igment,  more  chromatin  and 
stains  greyisli  green  rather  than  blue,  d'hese  forms  undergo  no  fur- 
ther de\'elo])ment  within  the  human  host,  but  wlu'ii  taken  into  the 
stomach  of  a suitable  mos(|uito  host,  the  male  gix'es  off  spermatozoa 
like  jirojections  (microi^amclcs)  which  break  off  from  the  jiarent 
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rrll  and  c-ntiT  a I'l’inaK'  parasitf,  whiih  hy  nuck'ar  chan^M's  and  lor- 
nialion  of  polar  hodirs  has  horonir  a duk  ro^iinirlr.  'riuis  llin  li-niaU-  is 
frrtili/.i‘d,  producin,^  what  is  known  as  a zvi^olr.  'I'lu-  kniilizial  |)ara- 
sitc  then  ]>niu'l rati'S  the  outer  wall  of  tlu‘  nios<(uito'sstonia('h  ( niid^ul) 
remaining  within  tlu'  stomaeh  wall  for  about  lo  days  during  which 
time  it  enlarges  until  it  becomes  a cyst  ioocysl)  tilled  with  hundreds  ol 
falciform  bodies  (s  f)orozoilcs) . About  the  tenth  da>-  the  oocyst 
ru])turi>  and  the  sporozoites  are  thrown  off  intt)  the  body  ia\ity 
from  which  they  make  their  way  to  the  salixary  glands,  and  linally 
into  th(‘  blood  of  man.  Thus  the  se.xual  cycle  ends  and  a new  cycle 
begins.  'I'he  essential  formula  is  ten  generations  of  the  nonsexual 
evcle  in  man  alternate  with  one  generation  of  the  sexual  cycle  in  the 
mos(iuito.  'I'he  total  time  necessar}-  for  de\-elopment  in  the  mos- 
quito is  about  lo  or  12  days.  ('I'he  extrinsic  j)eriod  of  incubation.) 
Low  atmospheric  temperatures  delay  de\elopment.  and  winter 
weather  slops  it  altogether. 

Economic  Considerations.  .Malaria  is  a disease  which  though 
not  an  im])ortant  cause  of  death  is  responsible  in  districts  where  it  is 
prevalent  for  lowering  the  ])hysieal  and  mental  etlicieney  ol  large 
numbers  of  i)eo])le  to  such  a degree  that  economic  conditions  are 
seriously  affected,  resulting  in  enormous  financial  loss  to  the  com- 
munity. In  some  localities  practically  entire  communities  are 
>ufferers  from  the  malady  in  either  its  acute  of  chronic  lorm.  An 
attack  does  not  jiroduce  immunity. 

Seasonal  Prevalence.  In  the  temiierate  zone  malaria  has  its 
highest  prevalence  and  the  greatest  number  of  deaths  occur  rather 
late  in  the  season,  August,  September  and  October,  after  a consider- 
able period  of  warm  weather,  for  the  malaria  moscpiito  does  not 
ordinarily  make  its  ajiiiearance  in  numbers  until  July  and  then 
can  do  no  harm  until  10  or  12  days  after  it  has  bitten  a patient. 
W hen  the  tenqierature  is  below  60  k'.  mo.s(|uiloes  do  not  carry 
malaria.  In  the  'I'ropics  the  malaria  m()SC|uito  is  jiresent  all  the 
year  round.  In  the  temjierate  zone  it  hibernates  through  the 
winter  neither  feeding  nor  breeding.  In  the  tropics  it  estixates 
during  the  hot  dry  weather. 

Epidemiological  Study.  In  an  epidemiological  study  of  malaria 
both  mos(|uito  and  human  host  must  be  in\'estigate<  1 . survev 
to  determine  the  prevalence  and  location  of  ano])heline  mosijuitoes 
will  give  what  is  known  as  the  anopheline  index  to  tin'  [irevalence  of 
malaria.  'I'lnA  .■'hould  include  tin-  collection  of  specinu'ns  and  a 
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search  for  oocysts  within  their  stomach  walls  and  sporozoites  within 
the  salivary  ttlands  in  order  that  the  pereentaj^e  of  infected  mosqui- 
toes amoiifi  those  examined  may  he  determined. 

Invesliffation  ol  the  amount  of  infection  in  human  beings  includes 
a statement  Irom  local  jthysicians  as  to  the  number  of  cases  treated 
in  the  current  and  ])re^■ious  years,  study  of  the  ])eriods  of  greatest 
prevalence,  information  derived  from  industrial  plants  relative  to 
loss  of  time  on  account  of  malaria,  house  to  house  visits  for  the 
(“xamination  of  all  j)ersons  to  determine  the  blood  index,  the  history 
index  or  the  splenic  index,  ddie  splenic  index  is  sometimes  investi- 
gated when  laboratory  examinations  are  imjtracticable.  It  is  deter- 
mined by  noting  the  percentage  of  ])ersons  among  those  examined 
who  have  the  enlarged  spleen  so  characteristic  of  chronic  malarial 
infection.  Ihis  is  a valuable  index  of  malarial  infection  in  the 
Tropics  but  it  is  not  so  useful  in  the  United  States.  By  the  blood 
index  is  meant  determination  of  the  percentage  of  persons  examined 
who  show  malarial  parasites  in  the  blood.  The  thick  smear  method 
is  better  for  this  purpose  as  it  furnishes  a larger  quantity  of  blood, 
and  malarial  parasites  are  therefore  more  likely  to  be  seen,  even 
though  they  may  be  few  in  numbers  in  the  circulating  blood.  The 
blood  index  is  the  best  index  of  malarial  infection  in  the  United 
States. 

Method  of  Making  Thick  Smears  and  Staining  for  Malarial 
Parasites. — i.  Before  making  blood  smears  have  slides  and  cover 
glasses  scru])ulously  clean  and  free  of  grease.  It  is  well  to  dame 
them  beft)re  using. 

2.  About  one-half  droj)  of  blood  is  smeared  out  over  a surface 
cAjualing  the  size  of  a cover  glass. 

p .Allow  to  dry  thoroughly  in  air.  'khis  may  take  from  one  to 
two  hours  at  room  temperature  or  20  to  30  minutes  in  the  incubatt)r. 
Protect  from  dust.  Hies,  ants,  etc. 

4.  (lently  move  slide  about  in  a 2'  ( solution  of  formalin  to 
which  has  been  added  \'/(  of  glacial  acetic  acid,  until  hiking  is 
complete. 

5.  Wash  in  glass  of  tap  water  to  remoc’e  all  acid. 

().  Wash  gently  in  distilled  water. 

7.  Stain  in  weak  (liemsa  ( i drop  to  1 cc.)  lor  20  to  30  minutes. 

<S.  Wash  in  water. 

q.  .\llow  to  dry  without  heat  oi'  usi'  ol  blotting  paper. 
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Mosquito  Survey.  To  ian\’  on  a imi>(|uil()  sur\(‘>'  om-  iu'C(l>: 

1.  ( )ii('  white  enameled  (li|)|)er  with  hollow  handh'  so  that  il- 
h'ngth  ma\-  he  i-xtended  hy  tlu‘  insertion  of  a stick  of  wood. 

One  wooden  I'xtension  to  handle  of  ahoxae 

3.  ( )ne  nu'dieine  dro])per  with  an  orifu'e  of  about  one-eij^ht  h ol  an 
inch  to  he  used  in  seleetinjjj  laiwae  and  i)U])ae  from  the  dipper. 

4.  One  ])air  of  entomoloifieal  forceps. 

5.  ( )ne  c-ntomologieal  bottle  or  a largi-  test  tube  at  the  bottom  ot 
which  is  i)la(.'ed  cotton  and  rubber  bands  saturated  with  chloroform 
covered  with  a paste  board  disk  and  corked.  This  is  used  as  a 
catching  bottle  for  adult  mosquitoes. 

q.  Six  pill  boxes  in  which  to  i)Ut  adult  inoscpiitoes  when  collected. 

7.  Six  small  preserve  jars  (Mason)  in  which  to  ])lace  specimens  ol 
larvae  collected,  together  with  the  water  in  which  they  were  breeding 
(about  half  full)  covered  with  mos([uito  netting,  these  serve  as 
breeding  jars.  Small  vials  in  which  to  place  larvae  may  be  taken 
into  the  held,  and  the  larvae  transferred  to  the  breeding  jars  in  the 
laboratory. 

8.  ( )ne  notebook  and  {pencil. 

Q.  One  i^air  rubber  boots. 

In  making  a survey  for  malarial  mosquitoes  it  is  well  to  collect 
all  kinds  of  mosquitoes  as  a matter  of  scientific  interest.  All  jiossible 
breeding  ])laces  should  be  looked  into  even  though  the  prospects  of 
securing  Anophelines  is  remote.  In  looking  for  Anophelines  the 
dipper  should  be  used  for  skimming  the  surface  of  the  water  or  it 
may  be  lowered  into  the  water  allowing  the  larvae  to  wash  in. 
Search  must  be  made  especially  at  the  edges  of  ponds  and  pockets 
at  the  sides  of  streams  and  where  shelter  is  afforded  by  weech, 
rushes,  etc.  Before  dipping  wait  quietly  for  a few  moments.  Note 
the  number  of  lar\'ae  per  dipper  and  the  size;  also  note  the  chaian  ter 
of  the  water,  whether  clear,  muddy,  stagnant  or  flowing;  presence  of 
fish,  tad])oles,  water  insects,  water  plants,  algae,  etc. 

All  such  information  should  be  recorded  in  the  note  book  together 
with  the  location  of  the  mosciuito  breeding  area.  Sjiot  maps  or 
charts  are  \aluable.  .Ml  specimens  collected  should  be  labeled  with 
date,  time,  and  place  collected,  and  initials  or  name  of  collector. 

It  is  more  or  less  difficult  to  bring  Anopheles  laiwae  to  maturit\- 
in  breeding  jars,  therefore  larger  lar\ae  or  piqiac'  should  be  taken 
preferably. 

Recognition  of  the  Disease.  .Malaria  ])resenis  so  manv  different 
( linical  manilestations,  and  the  symptoms  ma_\-  be  so  \-ariable  e\'(vn  in 
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the  sanu'  lyi)e  ot  the  disease  lliat  it  is  impratiealjle  to  discuss  the 
reeo.nnition  of  malaria  from  the  clinical  standpoint  in  a hook  of  this 
character.  In  regions  where  malaria  j)revails  even  the  laitv  are  more 
or  less  tamiliar  with  the  disease  as  it  appears  in  the  locality.  For 
the  symptomatology  of  malaria  a standard  work  on  troj)ical  medicine 
should  be  consulted. 

'I'he  blood  examination  is  of  ])rime  im})ortance.  fresh  and  stained 
lilms  should  be  examined. 

'I'he  following  differential  tables  are  taken  from  Stitt,  Diagnosis 
and  'Freatment  i)f  'Fropical  Diseases. 
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1’.  vi\a.\  (benign 

tertian  I 

I*,  malariae 
(ejuartan ) 

b.  falciparum  (malig- 
nant tertian)  (aestivo- 
autumnal  1 

Character  of  tlie 

Swollen  and  light  in 

.\bout  the  size  and 

Tendency  to  distor- 

infected  red  cell. 

color  after  eighteen 
hours. 

color  of  a normal 

red  cell. 

tion  of  red  cell  rather 
than  c r c n a t i 0 n. 
Shriveled  appear- 
ance. (Brassy  color.) 

Character  of 

Indistinct  amoeboid 

Distinct  frostetl 

S m a 1 1,  distinctl\' 

youn”:  schizont. 

outline.  Hyaline. 

Rarely  more  than 
one  in  red  cell.  .\c- 

ti\  e amoeboid  mo\  e- 

m e n t.  One-third 

diam.  of  red  cell. 

glass  disc,  \\-ry 
slight  amoeboid 
motion. 

r 0 u n d,  crater-like 
dots  not  more  than 
one-si.xth  diameter 
of  red  cell.  Two  to 
four  jiarasites  in  one 
real  cell  common. 
S h 0 w s amoeboid 
movement  until 
appearance  of  pig- 
ment. 

C h a r a c t e r of 

Amoeboid  outline.  .\o 

Rather  o\al  in 

()nl\'  seen  in  over- 

mature  schizont. 

amoeboid  movement. 

sha[)e.  Sluggish 

movement  of  pe- 
ripherally placed 
coarse  black  jrig- 
ment. 

whelming  infections. 
Have  scanty  fine 
1)  lack  pigment 
elum[)ed  together. 

I’igment 

bine  yellow-brown, 

rod-like  granules 

which  show  acti\e 
motion  in  one-half 
grown  schizont.  -Mo- 
tion cetises  in  lull 
grown  schizont. 

Coarse  almost  black 
granules.  Shows 
movement  only  in 
y 0 u n g to  hall- 
grown  schizont. 

Pigmented  schizonts 
very  rare  in  periph 
eral  circulation  e.\- 
cept  in  overwhelming 
infections.  'Pends  to 
elump  as  eecentrie 
pigment  masses  al- 
most black  in  color. 
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P.  vtvtix  (betiiKn  lertiati) 

1’.  malari.'ie  (ipi.n  l.-in  ' 

P.  falitparvim  (malignant 
tcrl  lan)  (aestivo-ant  ntnnal 

ritaravii-r  m- 

l.ar(.;i'i-  ami  liulitcr  pnik 

Abnul  nunnal  si/,i- 

Shows  distortion  :ind  some 

ti  ctcfl  rr<l  gt'l!. 

ihtiii  imrintil  red  cell. 

S li  1)  \v  s “ SchulTner’s 
dots." 

and  'Staining. 

polycliromatopliilia  and 
stippling.  Rarely  wr 

have  coarse  cleft-likc  rial- 
dish  dots,  Maurer's  spots. 

( 'harm  lyr  « if  y< *unvt 

I'liniiualin  mass  usually 

Rather  tluck  round 

\*cry  small  sharj)  hair-likf 

'‘vhizont . 

siiif'le  and  situated  in  line 
with  the  rin^  of  the  irre- 
gularly outlined  blue 
IKirtisite. 

rings  which  mmhi 
tend  to  sliow  a'< 
eipialorial  bamN. 

rings,  with  a chromatin 
mass  j>rotruding  from  the 
ring.  Often  appears  on 
periphery  of  red  cell  as  a 
curved  blue  line  with 
jirominent  chromatin  dot. 
Frcqucniy  two  idiromalin 
<iots. 

CharactiT  nf  lialf- 

Vacuolated  or  Fip.  8 loop- 

Mure  marked  band 

Xot  often  found  in  pi  riph- 

«ro\vn  schizont. 

like  botiy  with  single 
chromatin  aggregation. 
Schuflner's  dots. 

for  m s stretching 
across  red  blood  cell. 

eral  circulation.  C'hro- 

inatin  still  compact. 

CharactcT  «)f  ma- 

Fine  pigment  rather  evenly 

Coarse  pigment  rallier 

Very  rarely  seen  in  periph- 

tun.'  srhizoni. 

distributed  in  irregularly 
outlined  parasite. 

peripherally 
arranged  in  an  oval 
parasite. 

cral  circulation  in  ordi- 
nary infection.  Figment 
clumps  early. 

Character  of  iiiero- 

Irregular  division  into  15 

Rather  regular  divi- 

Sporulation  occurs  in 

ey  te. 

or  more  spore-like  chro- 
matin dot  segments. 
Mulberry. 

sion  into  eight  or  10 
mcrozoites.  Daisy. 

spleen,  brain,  etc.  Rare- 
ly in  peripheral  circula- 
tion. F>  i g h t to  I 0 

chromatin  staining  mero- 
zoites.  (In  culture  32.) 

('haracter  nf  mac- 

Round  deep  blue.  Abun- 

Round,  similar  to  F. 

Crescentic,  deep  blue.  j)ig- 

rovtainetc. 

dant,  rather  coarse  pig- 
ment. chromatin  at  pe- 
riphery. 

vivax  but  smaller. 

ment  clumped  at  center, 
chromatin  scanty  and  in 
center. 

Character  <>{  nii- 
t riiKamotocyte. 

Round,  light  green-blue, 
pigment  less  abundant, 
chromatin  abundant  and 
located  centrally  or  in  a 
band. 

Round  like  P.  vivax. 

More  sausage-shaped  thaii 
crescent.  Light  blue. 

P i g m e n t scattered 
thrcnighout.  Chromatin 

siattercd  and  in  greater 
([uantity  but  ditlicult  to 
stain. 

Prevention  and  Control  of  Malaria 

'I'lif  prcN’cnlioii  of  malaria  includes: 

1.  Measures  directed  toward  the  i)re\’ention  of  mosciuito  hreed- 
injf  and  the  destruction  of  adult  anopheline  mosciuitoes. 

2.  Measures  directed  toward  preventinj>:  anopheline  nios(juitoes 
Ironi  heconiinff  infected  ])y  detecting  and  controlling  human  carriers 
and  patients. 

4.  Protection  of  healthy  person: 

id)  Through  C|uinine  ])roph\'la.\is  (immunization) 

(h)  Hy  screenin'^  against  mos(|uitoes. 
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Prevention  of  mosquito  breeding  and  destruction  of  adult 
Anopheline  mosquitoes. 

1 lu‘  breeding  ol  niosciuiloes  m;i)'  he  eomhale(|  by  draining,  tilling, 
oiling,  use  of  larvaeides.  fishes  and  c learing. 

Drainage.  Drainage  may  be  of  the  usual  horizontal  type,  or  it 
may  be  vertical.  Hand  in  hand  with  drainage  must  go  clearing 
debris  and  plants,  from  the  border  of  streams  and  jxinds;  straighten- 
ing edges  and  deepening  channels  so  that  a free  and  more  rapid 
tlow  of  water  may  be  had. 

Drainage  is  aj)])licable  to  ])onds,  marshes,  lakes,  puddles  and 
ditches  in  which  water  has  become  stagnant.  Temj^orary  puddles 
should  be  controlled  by  oiling;  road  side  ditches  should  be  cleaned 
and  channels  leveled  out;  old  wells,  cisterns,  etc.  should  be  filled, 
oiled,  or  treated  by  chemicals.  Marshes,  ponds,  and  lakes  esi)ecially 
recpiire  drainage.  Streams  may  be  straightened,  cleaned  and  made 
free  of  vegetation  at  the  edges.  All  obstructions  to  the  tlow  of  water 
should  be  removed. 

The  kind  of  ditching  necessary  to  effect  drainage  depends  some- 
what upon  the  extent  and  kind  of  area  to  be  drained. 

Drainage  ditches  should  have  clean  cut  sloping  edges,  steep  banks, 
a uniform  grade  and  width,  a straight  course,  and  should  be  free  from 
weeds,  stones  and  sticks,  or  anything  which  may  impede  the  flow  of 
water.  When  bends  are  necessary,  sharp  bends  should  be  avoided, 
d'he  bottom  should  be  narrow  so  that  the  flow  of  water  will  be  rapid 
rather  than  slow.  As  few  ditches  as  possible  should  be  dug.  It  is 
best  to  start  with  the  inain  ditch,  then  to  build  the  laterals.  Laterals 
should  enter  the  main  ditch  at  an  acute  angle,  or  a curve  to  lessen  the 
deposit  of  silt  or  sand  at  the  junction. 

Earth  ditches  may  be  expensive  to  maintain,  and  to  reduce  the 
ultimate  cost  of  maintenance  as  well  as  to  make  drainage  more  etfec- 
tive,  it  may  be  advisable  to  give  them  a permanent  lining  of  cement. 
A rough  base  of  concrete  (1:3:5)  may  be  laid  on  the  bottom  of  the 
ditch  about  i ^ inches  thick  and  extending  tor  about  6 inches  up  the 
side  or  3 inches  above  the  normal  water  line  for  small  ditches.  This 
should  then  be  covered  with  3-2  Inch  of  cement  and  sand  (1:1). 
d he  lining  should  be  U shajied  and  not  \ shaped.  In  large  ditches 
24  inches  or  more  in  width,  the  lining  ot  the  side  wall  should  extend 
higher  and  should  be  thicker,  d'he  lining  should  also  extentl  higher 
at  the  bends  or  kev  walls  should  be  built.  Seepage  holes  should  he 
l)ro\’ided  above  the  key  wall.  .\  lining  of  concrete  2 inches  thick 
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ri'inl’orcotl  wilh  i hickcn  wire  is  salisl'ac  lor)',  or  a rouj^h  lining  ol  llal 
"toiu'S  soak'd  rou^ldy  wilh  (ciiu'nt  mortar  may  l)o  used. 

Sub-soil  Drainage  is  iisol  ul  lo  lower  ground  water,  t luis  [x'rmil  ling 
."Urfaee  ])ools  lo  he  al)sorl)ed  mori'  (|ui(  kly.  l''or  sub-soil  drainage 
ordinary  drain  tiles  are  used,  from  g inelu's  to  12  inelu's  in  diameter 
and  in  i to  2 fool  lengths.  All  drains  should  be  spaec'd  from  50  to 
150  feet  apart  and  laid  up  and  down  tin*  slo|)e.  Drains  should  be 
from  two  to  four  feet  deep.  The  dee])er  it  is  the  more  area  drained 
and  the  fewer  drains  needed.  They  should  have  a grade'  ot  about  1 2 
inches  to  400  feet  and  should  l)e  laid  so  that  eac  h piece  ot  ])ipe  touches 
the  other.  The  joints  of  course  should  be  loose,  d’he  drains  should 
be  covered  wilh  earth. 

When  used  as  intercepting  drains  for  seepage  outcrops,  the  drain 
must  be  laid  at  a right  angle  to  the  drainage  1T)W.  A grade  of  not 
less  than  12  inches  per  200  feet  is  recjuired  in  this  case  and  the  tiles 
should  be  ks  t<>  M inch  apart,  d'he  drain  should  be  covered  with 
>tones,  using  small  stones  at  the  top,  e.xtending  above  the  surface. 

Drainage  ditches  may  be  utilized  to  intercept  seepage  oulc  ro])s. 
'I'liey  should  be  dug  at  a right  angle  to  the  seepage  How. 

Sub-soil  drainage  has  the  advantage  over  surface  drainage  of 
being  imrre  easily  maintained,  because  it  is  self  cleaning,  needs  little 
attention,  and  no  oiling;  besides  there  is  no  water  e.xposed  in  which 
mosejuitoes  may  breed,  d'he  outlet  should  be  guarded  by  metal  rods 
to  j)revenl  entrairce  of  small  animals.  Such  drains  should  never 
be  used  to  collect  house  drainage  or  drainage  in  which  there  is  mmh 
■'erliment. 

In  digging  ditches  dynamite  has  been  found  to  be  useful.  Horse 
drawn  ditching  machines  are  also  valuable  in  constructing  ditches 
less  than  4 feet  deep  in  oj)en  land,  as  well  as  in  cleaning  out  roadside 
ditches. 

Vertical  Drainage.  \'ertical  drainage  is  sometimes  used.  H\’ 
thi  > is  meant  the  draining  of  surface  waiter  into  a well  dug  or  bored 
through  the  upper  im])er\ious  stratum  lo  a [lorous  or  water  bearing 
'tratum  below. 

Filling.  Where  drainage  is  not  economical  resort  may  be  had  to 
tilling.  In  using  earth  or  clay  as  a till  no  de])re.ssion  in  which  water 
may  accumulate  should  be  left.  It  may  be  ad\isable  to  fill  shallow- 
parts  ot  ponds,  thus  making  it  easier  to  care  for  the  deeiier  jiarts. 

In  a city,  such  parts  of  the  city’s  wastes  as  consist  of  ashes  or  rub- 
bish make  a satisfactory  till,  .\shes  and  cinders  are  espei-ially  good. 


INM'iCI'S  AM)  DISI'.ASK  OF  MAX 


ll  must  he  reinemhered  in  usiiif^  old  tins  us  tilling  material  that  care 
he  taken  to  cover  them  thorou}t;hly  with  ashes,  earth  or  similar 
materials,  so  that  no  water  may  accumulate  in  them  to  breed  mosqui- 
toes. Sawdust  and  sha\ings  when  a\'ailahle  may  he  used  as  a lill. 
'Phis  should  e.xtend  sewral  inches  above  the  ground.  Wet  areas  due 
to  seepajfe  outcrops  can  not  he  satisfactorily  eradicated  by  makiipL:: 
shallow  tills. 

Clearing. — In  order  that  there  will  he  an  unobstructed  tlow  of 
water  in  streams  and  ditches,  and  that  there  will  he  no  stagnant 
pockets  in  which  mosquito  larvae  may  breed,  they  must  he  kept 
free  of  vegetation  and  should  he  kept  at  a proper  grade  and  proper 
width.  Oil  and  lar\acides  should  he  used  when  necessary,  d'o 
kill  algae,  coj)per  sulphate  is  efficacious.  In  dry  weather  a ditch 
may  become  a series  of  stagnant  pools.  These  may  he  eradicated 
by  digging  small  channels  in  the  bottom  of  the  ditch  with  a spade  or 
hoe.  A phosphate  drag  is'  useful  in  clearing  ditches  of  vegetation. 

Low  ground  kej)t  moist  by  seej)age  outcrops  over  which  cattle 
walk,  leaving  foot  prints  in  which  water  accumulates,  may  he  fenced 
off.  barrel  should  he  sunk  in  the  ground  at  some  point  outside  the 
fence  where  it  will  fill  with  water  and  enable  cattle  to  drink. 

The  use  of  drainage  and  till  to  combat  mosquito  breeding  fur- 
nishes problems  with  which  Sanitary  Engineers  should  be  more 
familiar  than  Medical  Officers.  It  is  work  which  therefore  should 
be  carried  on  by  the  former.  A successful  outcome  depends  upon 
the  way  in  which  the  work  is  planned  and  thorough  suj)ervision  to 
insure  that  ditches  will  have  a proper  grade  and  proper  width  and 
are  jiroperly  located,  etc.  Oareful  record  should  be  kept  of  labor, 
material,  and  cost. 

Impounded  Water.  In  the  season  during  which  mosquitoes  are 
not  lireeding  the  level  of  the  water  should  be  kej)t  as  high  as  possible. 
Before  the  mosquito  breeding  season  begins  the  level  ot  the  water 
should  be  lowered  so  that  all  brush  and  land  vegetation  which  has 
accumulated  along  the  edges  at  high  water  will  be  killed  up  to  the 
high  water  level,  and  lloatage  and  drift  will  be  lelt  at  the  high 
water  level  when  the  water  falls.  During  the  breeding  season  water 
should  be  kept  at  as  low  a mark  as  possible  unless  when  to  do  so 
uncovers  growth  otherwise  submerged. 

Oiling.  Oiling  is  a valuable  means  of  controlling  mosciuito 
brec'ding  and  oil  must  always  be  used  lor  such  areas  as  cannot  be 
treated  otherwise.  Oiling  is  not  permanent  like  draining  but  must 
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hr  rrpi'aU'il  oiuh'  a wrrk  during  ihr  iii(is(|uit it  hrrrdini;  M'ason. 
KrntsriU'  will  answer  tin*  pur|)()sr  hnl  il  iwaporatrs  loo  rai)idl\-. 
An  oil  in  ronsistrnrv  sonu'whrrr  hrlwrrn  kerosene  and  erude  oil,  or 
tuel  oil,  is  adx’isahle  in  that  it  will  s|>read  e\enl\'  and  rapidly  and  will 
not  iwaporale  (|uiekly.  A suitahle  mixture  is  one  xaiwiiifj;  from 
one  part  ot  kerosene  to  threi'  parts  of  erude  oil,  up  to  parts  of 
kerosene  to  one  part  ot  erude  oil,  dc'pendiny  upon  the  thickness  of 
the  latter.  riu'  rc'sullin^  mixture  should  he  I thick  in  eithtr  and  should 
hi'  slitihlly  thieki'r  than  kerosene.  I'uel  itil  I'anyiny  in  s|)eeilie 
yrax  ity  from  ;;()°  to  pS°  liaume  and  in  xa’seitsity  fntm  yy  to  y8  droits 
per  minute  is  ahitul  right.  Such  oil  does  not  hum  readilw  Oil  that 
has  heen  drained  from  the  crank  cases  of  automohiles  may  he  used. 
It  is  cheai)  and  satisfactory.  Only  a thin  lilm  of  itil  on  the  water  is 
necessary,  hut  il  should  he  an  unbroken  him  which  should  remain 
litr  at  least  12  hours.  It  must  he  rememhered  that  oil  may  not 
spread  satislactorily  where  thi're  is  a harrier  ol  x'egetation  and  a 
larger  ([uantity  ot  oil  should  he  used  in  such  places,  itr  such  \egeta- 
tion  may  he  remitved  hy  use  ol  a submarine  saw.  Oil  may  he  washed 
away  il  applied  just  before  a rain  storm.  Winds  may  blow  an  oil 
film  to  (tne  shore  of  a body  of  water.  It  is  also  a waste  of  oil  and 
of  labor  to  oil  where  no  mosijuito  laryae  are  to  he  found. 

(\>al  oil  kills  laryae  by  plugging  the  breathing  tube  when  they 
(ome  to  the  surtace  to  breath,  thus  asphyxiating  them.  It  also 
acts  as  a chemical  jioison  and  as  a deterrent  against  egg  laying.  'Fhe 
amount  ot  oil  recpiired  to  coxer  a giyen  surface  xvith  a satisfactory 
lilm  yaries  greatlx-  and  depends  ujion  the  thickness  of  the  oil,  the 
atmospheric  temperature  and  the  presence  of  xvater  plants,  .\houl 
1 gal.  ol  crude  oil  will  be  recjuired  for  150  sip  yds.  of  clear  surface. 
A greater  Cjuantity  of  oil  will  he  required  xvhere  x'egetation  is  present. 

Oil  may  he  spread  by  the  so  called  knap  sack  ])ump,  xvith  the 
noz/Je  adjusted  to  throxv  a fine  spray,  or  better  still  xvith  a cylindrical 
pump  xvhich  xvill  throxv  a stream  25  to  yo  feet.  It  may  he  throxvn 
on  the  surtace  of  the  xvater  in  the  form  of  oil  soaked  saxvdust.  d'his 
is  a satisfactory  means  of  spreading  oil  oxer  the  surface  in  the  jires- 
ence  ol  water  plants,  d he  oil  soaked  sawdust  max-  he  encased 
in  a canx-as  hag  or  gunny  sack  and  anchored  to  the  bottom  of  the 
body  ot  water.  'I'lie  oil  is  gradually  given  off  and  spreads  oyer  the 
'Urtace.  ()il  soaked  waste  may  also  he  used. 

Drij)  cans  are  useful  in  apjilying  oil  especially  to  streams  and 
diti  hes  m which  the  current  is  fairlx’  rapid.  The  design  of  a drii) 
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c'iin  \'urics  cicconlinjii  to  the  ideiisol  the  ()j)LTcit<)r.  ( trdiiiiiril y live  to 
ten  gallon  oil  cans  or  drums  answer  the  purjiose.  Dripping  may  be 
brought  about  by  means  of  a wiek  or  a well  fitting  stop  coek  o])ened 
slightly  so  that  the  desired  number  of  drops  ])er  minute  may  be 
obtained.  Ihe  number  of  drops  ot  oil  will  depend  upon  eircum- 
stances  but  in  general  it  may  be  said  that  from  10  to  20  ])er  minute 
arc  reriuired  to  treat  the  surface  of  a stream  or  ditch  having  an 
average  width  of  water  surface  of  one  foot,  d'he  object  is  to  allow 
a sufficient  number  of  drojis  to  form  a continuous  film.  It  will  be 
carried  down  stream  and  will  accumulate  on  surfaces  where  no  cur- 
rent is  present  and  where  moscpiitoes  are  most  likely  to  breed.  The 
stop  cock  requires  attention  as  it  is  liable  to  clog  with  sediment. 
For  use  under  water  two  stop  cocks  are  convenient,  one  at  the  to]) 
of  the  can  and  one  at  the  bottom.  A wick  requires  some  attention 
but  it  is  an  easy  matter  to  scjiieeze  the  accumulated  sediment  from 
it  at  the  time  the  can  is  refilled.  Idle  wick  should  be  li.xed  with  one 
end  immersed  in  the  oil  and  the  other  end  in  the  water  so  that  the  oil 
flows  by  cajiillarity.  One  type  of  can  is  jilaced  on  supports  above  the 
water  to  be  oiled.  Another  type  is  sunk  to  the  bottom.  Out  going 
oil  rises  to  the  top  and  spreads  on  the  surface.  A tiny  oiiening  must 
be  left  so  that  as  the  oil  drips  out  a corresponding  amount  of  w’ater 
flow's  in.  The  surface  drip  can  must  also  be  provided  with  a means 
of  permitting  air  to  flow  into  the  can  as  the  oil  flows  out. 

A satisfactory  drij)  can  may  be  improvised  by  punching  a hole 
through  the  bottom  of  an  ordinary  5 gallon  oil  can  with  a 2 or  3 
inch  round  nail.  A wad  of  loose  cotton  is  then  wrapped  around  the 
nail  just  below  its  head  and  the  nail  pushed  through  the  hole  from 
the  outside.  The  can  is  then  tilled  w'ith  crude  oil.  The  flow  of  oil 
through  the  drip  may  be  regulated  by  gently  ]nishing  the  nail  up  or 
dow'ii  deiiending  uiion  wdiether  a greater  or  fewer  number  of  drops 
is  rec]uired. 

In  using  heavy  oil  as  a dri])  the  can  should  be  elevated  above  the 
stream  at  least  3 or  4 feet  so  that  the  droj)  ol  oil  w’ill  fall  on  the 
surface  of  the  water  with  a siilash  thus  breaking  u])  and  spreading 

more  rapidly. 

(Jiling  may  be  discontinued  before  cold  weather  has  perma- 
nently set  in.  It  must  be  remembered  that  when  the  temperature 
is  below  60°  Fahrenheit,  Anopheles  do  not  carry  inlection.  hither 
the  parasite  does  not  go  on  to  develojuuent  within  the  bodv  of 
the  m()S(|uito.  or  it  finally  dies  out.  In  the  summer  time  eggs 
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must  1)0  (l(.'|)()>il(.‘(l  (lays  holoro  llu-  iuos(|uil()  can  intCil,  that  i-', 
it  takes  I ()  (lays  Ironi  otiy  to  adult,  and  the  e.\trinsi(  {(eriod  of  iiicuha- 
tion  is  I 1 days,  makiii”;  28  days  in  all.  .\o\v  as  the  weather  hecoine^ 
colder  thi-'  time  l('nythens  more  than  50  |)er  cent,  making;  42  davs 
instead  ol  28.  I heoretieally,  theiadore,  it  is  permissihle  to  stop 
oiliny  42  (la\>  before  tlu'  atmospheric  temperature  is  e.\|)e(led  to 
fall  below  ()o°  l-'ahrenheit . Practically,  howexcr,  a fa(  tor  of  safetv 
should  be  allowed,  so  that  oiliiyy  shordd  ])rocee(l  up  to  21  days  before 
the  advent  ol  (old  weather. 

Larvacides.  'Phe  larxacide  used  in  Panama  is  a yood  one.  It  is 
])henol  resin  soa]),  and  in  the  proportion  of  one  j)art  to  1000  parts  of 
water,  kills  larvae  promjnly.  It  mi.xes  (juickly  with  water  and 
tends  to  remain  at  the  edf^es  of  the  stream,  and  that  which  ])asse> 
down  stream  kills  as  it  tijoes.  It  is  only  t^ood  lor  one  day  and  tlu“re- 
lore  must  be  rei)eated  once  a week.  In  the  same  j)r()porti()n  it 
may  also  be  used  in  rain  barrels  and  the  like,  at  intervals  of  one 
week.  Any  phenol  jireparation  which  has  at  least  15%  of  phenol 
in  the  crude  product  is  a yood  larvacide.  It  must  be  remem- 
bered that  i)hen()l  preparations  are  i)()is()nous  to  fish  and  of  course 
should  not  be  apjilied  to  water  which  is  to  be  used  for  drinkiny^  or 
cooking  })ur])oses. 

To  make  about  three  and  one  half  barrels  of  larvacide  take 

150  gallons  of  crude  carbolic  acid  which  must  contain  not  less 
than  15%  phenol. 

200  ])oun(ls  of  common  rosin,  finely  crushed  and  sifted. 

30  pounds  of  caustic  soda  dissolved  in  si.x  gallons  of  water. 

Heat  the  carbolic  acid  in  an  iron  tank  by  means  of  a steam  coil 
with  steam  at  50  pounds  iiressure,  or  to  2i2°F.  Dissolve  the  rosin 
in  the  boiling  acid  and  then  add  the  solution  of  caustic  soda.  The 
whole  must  be  thoroughly  mi.xed.  'Phe  product  is  ready  in  a few 
minutes.  'Phis  preparation  may  be  u.sed  by  sjiraying  an  emulsion 
made  by  mixing  one  part  of  the  larvacide  to  five  parts  of  water. 

]\iris  green  has  been  tried  as  a larvicide,  and  has  been  found  to  be 
mccesslul  in  killing  larvae  of  Anojiheline  mosiiuitoes.  It  does  not 
.seem  to  be  lethal  to  larvae  of  other  forms  of  mosquitoes  which  are 
not  surtace  leeders.  The  jiaris  green  is  diluted  with  a large  propor- 
tion ol  inert  dust.  Road  dust,  line  sand.  Hour,  rotten  wood  dust  and 
the  like  may  be  used.  'Phe  jiroportion  is  about  10  cubic  centi- 
meters ol  paris  green  in  a])])r().ximalely  one  liter  of  dust.  'Phis 
makes  a \ ery  chea])  larvicide.  Danger  ol  poisoning  the  water  i.> 
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almosl  negligible'.  Larger  proixirtions  than  the  above  may  be  used 
witlioul  danger,  and  should  be  utilized  where  there  is  much  high 
grass,  reeds,  etc.  It  is  used  by  casting  it  by  hand  inte)  the  air  from 
the  edge  of  the  pond  in  the  direction  of  the  wind,  a gentle  wind  pref- 
erablv,  and  a sunny  day.  'The  dust  settles  on  the  surlace  of  the 
water.  Such  treatment  is  to  lie  given  every  10  days.  'There  is  little 
danger  of  poisoning  the  ojierator,  but  naturally  he  would  stand  to 
windward  of  the  dust  cloud,  and  must  avoid  inhaling  the  dust. 
Xot  enough  ])aris  green  is  used  in  the  water  to  injure  fishes  or  flomes- 
ticated  animals  which  may  drink  ot  it. 

.\nother  form  of  larvacide  is  nitre  cake,  an  acid  byproduct 
obtained  from  the  manufacture  of  high  explosives.  'To  kill  all 
larvae  within  24  hours  it  must  be  used  in  the  proportion  of  at  least 
one  part  of  nitre  cake  to  100  jiarts  of  the  water  to  be  treated.  A 
0.5^^  solution  in  the  water  will  destroy  larvae  in  4 days.  It  is  fairly 
efficient  when  used  in  old  wells,  abandoned  cisterns,  tire  buckets, 
small  stagnant  ponds,  etc.,  where  there  is  no  danger  ot  ])oisoning 
])eoj)le  or  domestic  animals. 

Fish  Control.  Only  a few  fish  have  [iroved  to  be  really  effective 
in  the  destruction  ot  mosquito  lar\’ae.  I hey  are  to  be  lound  among 
the  toj)  minnows  or  mummichogs  ( Poeciliidae)  the  sun  tishes  ((  en- 
trarchidae)  and  the  minnows  ( C'yprinidae) . 

It  must  be  remembered  that  certain  fish,  like  the  carp,  which  have 
been  suggested  as  useful  in  the  destruction  of  mosquito  larvae  are 
only  of  value  when  young,  meaning  that  their  usefulness  would  be 
limited  to  the  sjiring  months,  ('arj)  have  the  added  value  that  they 
feed  on  the  snails  which  act  as  \’ectors  for  certain  im|)ortant  parasites 
of  cattle,  sheep  and  goats. 

'To  be  effective,  both  old  and  young  fish,  must  have  the  habit  ot 
feeding  on  moscjuito  larvae.  .\lso  they  should  be  ol  small  size  so 
that  they  may  go  into  the  sjiaces  between  stems  ot  water  plant^  in 
a search  for  lar\ae  so  to  sjieak,  as  well  as  to  find  protection  against 
larger  predaceous  tish.  I hey  should  multiply  rajiidK  and  >hould 
be  able  to  live  under  a great  \'ariety  of  conditions. 

In  i)laces  where  lish  control  is  tried,  it  only  small  lar\ae  ate 
found,  none  large  and  no  iiujiae,  one  may  be  certain  that  the  result 
is  successful. 

FAMILY  POECILIIDAE.  Top  Minnows 

(nimbusia  ajfiiiis.  In  the  control  of  mosciuitt)  breeding  by  the  use 
of  fish,  the  to])  minnow  {(niDihiisui  ajiiius)  is  the  best  loi  oidin<u_\ 
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])ur])osos.  'Phis  fisli  is  especially  suitable  because  it  feeds  on  the 
surface,  it  thrives  under  a yu'eat  variety  of  conditions,  it  is  very 
])rolihc,  and  it  will  multiply  in  pond>  containin|r  predaceous  i'lsh 
])rovided  that  there  is  shallow  water  for  refuym.  It  lives  in  fresh 
or  brackish  water.  1 his  lish  is  tre(|uently  encounlerc'd  naturally 
in  water  suitable  to  the  breedinci  ot  mos(|uitoes,  Irom  Maryland  to 
Morida,  in  the  .Mississippi  valley  Irom  Illinois  to  Louisiana,  in  "Pe.xas 
and  .Me.xico.  It  attains  a length  of  from  i Lj  to  2 ' -1  inches.  It 
does  not  lay  eggs  but  gives  birth  to  young  lish  therefore  s])ecial 
breeding  conditions  are  not  necessary.  It  is  cannibalistic.  Chem- 
icals in  the  water  as  those  Irom  certain  trade  wastes  like  sul])huric 
acid,  phenol  larvacides,  and  oil  will  kill  them.  The  water  may  also 
l)e  highly  polluted  so  that  moscpiitoes  such  as  ('ulex  may  breed  but 
the  lish  will  not. 

Plant  growth  in  the  water,  esi)ecially  when  slightly  submerged, 
leaves  and  stems,  or  lloating  vegetable  growth,  afford  i)rotecticm  to 
larvae  against  the  minnow.  'Phe  greater  amount  of  protection 
attemded  by  vegetable  growth  the  larger  the  number  of  minnows 
required. 

I his  minnow  is  essentially  a still  water  or  a pond  minnow.  It 
does  not  seem  to  like  even  moderately  running  water  and  therefore  it 
is  not  worth  much  as  an  enemy  of  J.  piinctipniiiis. 

Pundulus  iwtaliis  is  another  top  minnow  that  might  be  worthy  of 
mention  because  its  range  is  somewhat  farther  north  than  Gamhusia 
affinis,  it  is  good  in  mosquito  work  but  not  so  good  as  Gamhusia. 

Lebistes  rcticulalus:  (Guppy,  Millions)  .—This  little  fish  is  a na  tive 
of  Suriiitim,  \ enezuela,  I rinidad  and  Harbadoes.  The  males  are 
beautifully  colored  and  attain  a length  of  one  inch.  The  females 
are  somewhat  larger  and  are  silvery  yellow  in  color.  They  are  very 
active,  very  jirolilic  and  vivijiarous.  Phe  lemale  brings  forth  every  4 
to  6 weeks  Irom  10  to  50  try  de])ending  ujion  the  age.  Males  are 
ready  for  breeding  when  8 to  10  weeks  old,  with  females  of  the  same 
age  or  older.  'Phe  young  grow  rapidly  and  a few  hours  after  birth 
are  strong  and  active.  'Phe  guppy  is  of  value  only  as  a means  of 
destroying  larvae  in  warm  countries  as  it  would  rapidly  succumb 
to  the  cold  weather  of  the  temperate  zone.  It  has  been  used  success- 
lullv  inthe  \ irgin  Islands.  It  makes  a good  aquarium  lish. 

I wo  other  species  which  are  similar  in  habits  and  u.sefulness  to 
(/amhusia  ajjinis  are  Ilelcraudria  formosa  (top  minnow)  and  M(d- 
licnisia  latipiiDia.  'Pheir  ranges,  however,  are  more  restricted 
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I'hc  runtijc  ol  the  lomic'r  l)cinj^  Irom  Xorth  C urolinii  to  I'loridu  ciiid 
the  laltiT  from  South  C'arolinu  to  Northern  Mexieo.  Both  of  these 
s])eeies  were  introduced  into  tlie  Hawaiian  Islands  and  are  reported 
to  have  been  effective  ajtainst  mosciuitoes. 

d'he  fishes  in  the  United  States  destructive  to  the  eggs  and  larvae 
of  mos(|uitoes  niav  be  grouped  as  follows;  ( Lconomic  C ircular  No.  17, 
Bureau  of  Idsheries,  Department  of  C'ommerce). 

Xortli  Atlantic  division  (south  to  X’cw  Jersey  and  Pennsylvania) 

Fresh -water  species — 

Fund  III  us  diaphauus  (Killifish;  Sprinj^  Minnow;  Fresh-water  Killy). 
F,uuC(iC(iidltus  obesus  (Little  Sunlish;  Handed  Sunlrsh). 

Fuiicucdullius  gloriosus  (Sjrotted  Sunfish;  Little  Sunfish;  Speckled  I erch). 
Lepomis  gibbosus  (Pumpkin  Seed;  Sunfish;  Tohacco-box;  Common  Sunlrsh). 
.Xotciiiigoiius  crysolcui'ds  (Roach;  Shiner;  Bream). 

Cdi'dssius  durdtus  (Cloldfish). 

Brackish  or  salt-water  species — 

Fuudulus  lUdjdlis  ((Minnow;  (Maylish;  Killitish;  striped  Killilrsh). 

Fuudidiis  hclcroditus  (Mudfish;  :tIummichog;  Minnow;  Common  Killifish). 
Lucduid  pdrvd  (Rainwater  IdshL 

Cvpriuodon  variegdius  (Sheepshead  Minnow;  \ ariegated  Minnow,  Puis> 
Minnow). 


South  Atlantic  division. 


Fresh-water  species — 

Gdmbusid  dffiiiis  (Top  (Minnow). 

Hclcrdiulrid  fonnosd  (Top  (Minnow). 

Fuucdcduthus  obesus  (Little  Sunfish;  Banded  Sunfish). 

Fuucdcdutlnis  gloriosus  (Spotted  Sunfish ; LiUle  Sunfish;  Speckled  Perch). 
Mcsogoiiistius  clidclodou  (Black-handed  Sunfish). 

Cculrdirhus  mdcroptcrus  (Flier;  Round  Sunfish;  (Millpond  Perch). 

Lepomis  gibbosus  (Pumpkin  Seed;  Sunfish;  Tobacco-box;  Common  Sunfish). 
Xolemigoiius  erysolcucds  (Roach;  Shiner;  Bream). 

Cdi'dssius  diirdliis  (Goldfish). 


Brackish  or  salt-water  species— 


Fuudulus  nidjdlis  ((Minnow;  (Mayfish;  Killilish;  Striped  Killifish). 

Fuudulus  hclcroclilus  (Mudfish;  Alummichog;  Alinnow;  Common  Killifish). 


Lucduid  pdrvd  (Rainwater  Fish). 

Cypriuodou  vuricgdlus  (Sheei)shead  Alinnow;  Aaiiegatei 


Alinnow;  Pursy 


Alinnow). 


North  Central  division, 
h'resh-water  species — 

Fuudulus  d idphdu us  Spring  Alinnow;  Fresh-water  Killy). 

Fuudulus  dispdr  ('l'oi>  Alinnow). 
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I-' II  lul  III  Its  lui/iitiis  ('I'op  .Minnow). 

(iiiiitlnisiii  (ijiiiiis  ('I'oj)  .Minnow). 
l.i'fioiiiis  (yiiiirl/iis  (('irocn  Sunlish). 

L(p(>iiits  yihluisiis  (I  uni])kin  SoihI;  .Snniisli;  rokaoi'o-ho.x;  Coinnion  Sunlish). 

otciii  iytiii  IIS  crysi>li'U(  iis  (Roach;  Shiiu'r;  Rrcani). 
f,>iliiil('sl/i(  s si('i  ulus  ( I'trook  SilwTsiiic'). 

Soutli  ('cnlral  division. 

I'rcsli-wator  species  - 
1' mill ulus  dispar  (Top  .Minnow). 

I'uiuliiliis  itohilus  {'Top  .Minnow). 

(id iiihiisiii  aiiiiiis  ( Top  .Minnow). 

Cciilrairhus  iiuicrop/cnis  (Flier;  Round  Sunlish;  .MilljHind  Rercli). 

Lcpoiiiis  ('yiiiKi/us  ((ireen  .Sunlish). 
l^'Jassollla  zoiialiiiii  ( I’igmy  Sunlish). 

^ olcmiiiouus  ('rysolrucas  (Roach;  Shiner;  Hream). 

Labidrsllics  siiuiilus  (Brook  Silverside). 

Ciull  Coast  waters. 

F’rcsh-waler  s|)ecies — 

/'  11  ltd  III  us  clirysotiis 

Fiiiidulus  nottii  (Stardieaded  .Minnow). 
ha iiihusia  ajliiiis  ('Fop  Minnow). 

Molltcitisia  lali pinna. 

Cenirarrlnis  inacroptcrus  (Flier;  Round  Sunlish;  Millpond  Perch). 

I-Jassonia  zonatum  (Pigmy  Sunlish). 

I'Jassoina  cvcrgladci  (Pigmy  Sunfish). 

Xatemigonus  crysolcucas  (Roach;  Shiner;  Hream). 

Brackish  or  salt-water  species — 

Fundtdus  grandis. 

Fundidus  similis  (Killitish;  Maylish). 

Ltuania  vcniisla. 

Cyprinodon  vavicgalus  (Sheepshead  .Minnow;  X'ariegatcd  .Minnow  Pursy 
Minnow).  ’ 

C.oldt'ish  are  csjtecially  valuable  to  destroy  mosciuito  larvae  in 
iountains,  aquariti,  small  artilicial  ponds  and  the  like. 

'ladjtoles  when  itresent  in  lar<re  numbers  are  also  enemies  to 
mosquito  hirvtie. 

For  lurther  information  on  the  subject  of  the  Fishes  which  are 
destructive  to  eggs  and  hirvae  of  mostiuitoes  one  .should  consult  the 
publications  of  the  Hureau  of  F'isheries,  Dejtartment  of  ('ommerce 
\\  ashington,  1).  ('.  ' 

Area  to  Be  Controlled.  Tl„.  wi.lll,  of  the  zone  surnmndinK 

uiman  htibitations  m which  mostjuilo  control  measures  should  bt' 
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instituted  (lei)en(ls  upon  the  amount  of  mosciuito  breeding.  Where 
heavy  l)reedi)ig  is  encountered  this  zone  should  l)e  not  less  than  one 
mile  in  width,  and  perhaps  a mile  and  a (juarter,  as  this  distance 
represents  the  maximum  llight  of  Anopheles  quadrimacuhitus  -And  A . 
crueians.  Where  only  light  breeding  is  encountered,  from  one  half 
to  three  cpiarters  of  a inile  is  ordinarily  sulheient.  J his  distance  is 
likew'ise  sulheient  in  the  case  of  .1.  piDieti pennis,  the  maximum  flight 
of  this  mosquito  being  less  than  that  of  .1.  quadrunacuhilus. 

It  has  not  been  ])roved  that  .1.  punelipennis  is  really  of  great 
im])ortance  as  a disseminator  ot  malarial  infection,  lo  eliminate 
this  moscpiito  much  attention  must  be  paid  to  streams  and  ditches 
in  which  it  breeds.  If  it  could  be  shown  that  punetipennis  was 
of  little  importance  much  w'ork  could  be  avoided  thereby  saving  con- 


siderable e-x])ense. 

INlosquito  control  measures  should  ahvays  begin  well  before  the 
mosquito  breeding  season,  and  every  year  before  mosquitoes  begin  to 
breed,  streams  and  drainage  ditches  etc.,  must  be  put  in  i)roper  condi- 


tion to  perform  their  functions  well  without  i)ermitting  mosquitoes 
to  breed  in  them. 

Partial  control  of  anopheline  breeding  will  do  much  towards  the 
control  of  malaria. 

Eradication  of  Adult  Mosquitoes  in  and  around  Houses— It  is 

very  important  that  all  Ano pheles  mosquitoes  which  ha\e  gained 
entrance  to  the  dwelling  be  killed  betore  they  are  permitted  to  escape. 
Careful  search  should  be  made  for  them  on  the  screens,  woochvork, 
netting,  etc.,  in  the  early  morning  when  they  are  full  of  blood  and 
still  sluggish.  In  this  way  many  infected  mosquitoes  may  be  killed. 

Land  around  habitations  should  be  kept  free  of  tall  grass  and 
w'eeds  W'hich  form  resting  i)laces  and  harbor  mosquitoes.  Such  care 
also  permits  the  ground  to  dry  more  readily  under  the  heat  of  the 
sun.  d'he  placing  of  land  under  cultivation  is  incidentally  a means 
of  preventing  the  breeding  of  mosquitoes,  since  such  land  must  be 
drained  except  for  the  growing  of  rice,  d'he  rice  i)addy  is  a serious 
problem  because  no  jiractical  means  have  been  discovered  to  ])re\ent 
the  breeding  of  ano])heline  moscjuitoes  in  rice  fields. 


Preventive  Measures  Applied  to  Malaria  Patients  and  Carriers  of 

Malaria  Parasites 

All  malaria  jiatients  should  be  protected  by  mosiiuito  bars  and 
treated  promptly  with  ciuinine. 
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Treatment  of  Carriers.—  Campaigns  against  malaria  liavc-  ht-rii 
carriiMl  on  solely  by  treating  earriers  with  (luinine  in  the  hope  that 
the  earrier  state  will  he  overeome  and  that  Anopheles  moscpiitoes  even 
though  present  will  find  no  ini'eeted  blood  on  which  to  subsist.  Fhe 
treatment  of  earriers  is  logical  but  oidy  when  it  is  attem|)ted,  hand 
in  hand  with  mos(iuito  control.  In  the  absence  of  anoi)heline 
mosciuitoes  the  presence  of  a human  ease  of  malaria  is  obviously  of 
little  mmnent  from  the  community  standpoint.  On  the  other  hand, 
earrii-rs  who  come  into  the  community  unknown  to  the  authorities 
may  in  the  presence  of  anoj)heline  mosejuitoes,  furnish  the  source 
trom  which  the  community  may  become  reinfected.  \'ery  intensive 
epidemit)logical  work  is  required  lor  the  detection  of  even  a majority 
t)f  the  carriers  in  a locality  in  which  malaria  is  ])revalent,  and  ordi- 
narily the  disease  cannot  be  controlled  by  such  methods  alone,  but 
every  carrier  jiroperly  treated  with  quinine  means  one  less  focus  of 
infection  and  may  mean  the  prevention  of  several  cases  of  malaria. 
Many  carriers  can  be  detected  in  the  course  of  an  intensive  epi- 
demiological study  and  these  should  be  treated  without  charge. 

In  the  routine  work  of  a health  department  success  in  discovering 
carriers  must  rest  largely  upon  the  cooj)eration  of  practicing  ])hysi- 
cians,  em])loyers  and  others  in  referring  suspected  carriers  for  exam- 
ination and  treatment.  The  health  dei^artment  should  i)ro\nde  an 
approved  mailing  outfit  for  submission  of  blood  specimens  from 
patients  and  carriers,  (^fuinine  should  be  administered  to  all  car- 
riers discovered  by  lalioratory  methods.  Several  methods  of  admin- 
istering quinine  have  been  advocated;  5 grains  of  the  sulphate  in 
capsules,  three  times  a day  is,  ])erhaps  as  uselul  as  an\'  or  lo  grains 
every  night  before  retiring,  for  a period  of  8 weeks.  If  acute  svinji- 
toms  are  present  at  the  time  the  jiatient  is  first  seen  they  should  be 
treated  by  administering  10  grains  of  quinine  sulphate  bv  mouth 
three  times  a day  for  four  days  followed  by  the  8 weeks  course  of 
treatment. 


Protection  of  Healthy  Persons 

Quinine  Prophylaxis.  Wln-n  ([uinim'  is  circulating  in  the  blood 
many  sporozoites  inoculated  liy  the  bite  of  a mosquito  will  be  promptly 
killed  before  they  ha\'e  time  to  go  on  to  development,  d'his  is  the 
theory  of  (juinine  prophylaxis.  Wdiile  quinine  in  jirophylactic  doses 
does  not  always  jirevent  the  disease,  visitors  to  malarious  sections 
should  make  use  ol  it.  For  adults  5 to  7 grains  may  be  taken  each 
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morninff.  1‘Or  chihlrcD  2 to  j^rains  will  siillicc;  less  tor  infants. 
Prophylactic  doses  should  he  taken  throujjthout  the  malarial  season. 
'I'he  ciuinine  sulphate  is  preferable,  administered  in  soft  pills  or  in 
capsules.  Prophylactic  doses  of  ([uinine  do  no  harm,  even  when 
taken  for  jirolonged  periods.  Those  who  are  ])eculiarly  susceptible 
to  cpiinine  can  usually  become  accustomed  to  it. 

It  does  not  always  kill  all  ])arasites  in  the  blood,  but  even  so  will 
prevent  them  from  multiplyintf  to  the  point  where  symptoms  are 
produced.  Its  use  should  be  ke])t  up  for  at  least  a month  after  cold 
weather  has  set  in  and  likewise  after  leaving  a malarious  section  in 
order  to  make  certain  the  destruction  of  jiarasites  which  have  sur- 
vived. Again,  to  start  the  use  of  ciuinine  early,  say  March  or  April, 
mav  mean  the  prevention  of  a recurrent  attack. 

Screening.^  All  houses  in  malarious  districts  should  be  screened 
against  mosciuitoes.  \\  ire  screening  should  have  not  less  than  16 
meshes  to  the  inch  when  used  to  prevent  the  entrance  of  mosquitoes. 
A no.  14  mesh  if  painted  will  also  answer  the  ])urpose,  and  even 
ordinary  mosquito  bar  material  can  be  made  to  serve.  Cialvanized 
iron  makes  a good  screen,  resisting  rust  lor  several  years.  It  ib 
cheaper  but  not  as  good  as  copper  or  bronze  wire  which  lasts  for  a 
much  longer  period  without  painting.  After  a couple  of  >ears 
galvanized  wire  should  be  painted,  care  being  taken  not  to  till  the 
meshes  with  paint  to  the  point  that  air  is  e.xcluded  thus  interferring 
with  ventilation.  Common  wire  screening  should  be  varnished  or 
painted  as  soon  as  jeut  into  use.  Window  screens  should  be  kept 
closed  and  screen  doors  should  open  outward  and  be  provided  with  a 
spring  so  that  they  will  close  automatically.  Both  should  be  made 
of  well  seasoned  wood.  The  lower  half  of  the  door  and  that  part 
which  comes  in  contact  with  the  hand  or  elbow  when  the  door  is 
pushed  open  should  be  reinforced  with  heavy  wire  screening  of 
coarse  mesh.  Fire  ])laces  with  open  chimneys  should  also  be 
screened  as  well  as  all  other  outlets  in  the  house  through  which 
mosquitoes  may  enter.  Cracks  in  outside  partitions  may  be  sealed 
with  heavy  jiaper.  Open  fireplaces  may  be  sealed  with  muslin 

held  in  jilace  by  strips  of  adhesive  plaster. 

Biologic  Barriers.  Advantage  is  sometimes  taken  oi  the  fact 
that  the  malaria  mosquitoes  will  suck  the  blood  of  animals,  even 
jireferring  animals’  blood  to  that  of  man.  Piggeries  may  be  estab- 
lished well  removed  from  human  habitations,  but  between  such 
habitations  and  the  source  of  mosquito  breeding.  In  this  way,  man\ 
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t)l  tlu'  ni()S(|uil()rs  sri'kinLi  blood  will  he  inli‘rccpt('(l  by  I be  piy^crics 
and  will  not  roach  human  habitation^.  Such  a means  ol  prc\'cnt inj^ 
malaria  is  not  by  any  nu'ans  [icrfc'ct,  but  |)lays  a part  in  the'  ynmeral 
sc'hcmc  ol  malaria  c-radication.  It  is  exen  possible*  to  build  piit 
pons  so  that  tlu-y  will  act  as  mos(|uito  traps,  that  is,  tin*  mos(|uitoos 
may  enter  but  cannot  leax’o,  and  they  can  be*  killed  from  time*  to 
time  by  fumiLtation. 

k'rom  observations  made*  in  Denmark,  it  has  bec*n  surtu:c-sted  that 
in  a ^ix'c'ii  locality  malarial  mosciuitoes  which  mav  have  onc'o  pre- 
lerred  human  blood,  may  since  hax'o  dewlojied  a taste  for  animal 
blood.  I his  mictht  account  tor  the  yu'eat  decrease  in  jirevalence  of 
malaria  in  certain  sections,  even  thouyh  the  mosquito  is  still  present. 
Henvever,  it  should  be  pointed  out  that  a gradual  but  absolute 
reduction  in  the  numbers  of  insect  carriers  will  account  for  the 
gradual  disai)pearance  of  the  disease  e\’en  though  the  insect  carrier 
may  still  be  present.  It  may  not  be  possilile  to  e.xterminate  a gix'en 
insect  but  it  is  jcossible  to  reduce  it  to  a safe  minimum. 
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YELLOW  FEVER 

Causative  Agent.  Leplospira  ictcroides  (lescril)e(l  l)y  X'oguchi.* 
This  micrt)-organism  will  pass  through  bacteria-])roof  tillers.  The 
temperature  range  favorable  for  its  growth  and  multi])lication  is 
from  i8°  to  37°C.  (64.4  to  pS.b^F.).  The  most  favorable  temperature 
is  about  26°C.  It  is  present  in  the  circulating  blood  of  the  patient 
during  the  first  three  or  four  days  of  the  illness. 

Source  of  Infection.  The  blood  of  a patient  ill  with  yellow  fever. 

Mode  of  Transmission.-  By  the  bite  of  an  infected  Aedes 
acgypli  {Slcgomyia  fasciata)  mosquito. 

Period  of  Communicability.-  During  the  first  three  or  four  days 
of  illness. 

Period  of  Incubation. — Three  to  six  days. 

Epidemiology. — The  endemic  centers  of  yellow  fever  are  found  in 
tropical  America,  Mexico,  Brazil,  Ecuador,  Salvador  and  on  the 
west  coast  of  Africa.  Ejudemics  within  these  endemic  centers  are 
not  uncommon.  If  t)nce  introduced  the  disease  may  become  epi- 
demic in  any  country  where  the  suitable  insect  host  is  present. 
Yellow  fever  has  made  its  appearance  a number  of  times  in  the 
United  States  and,  before  the  discovery  of  the  method  of  transmis- 
sion, created  panics  from  time  to  time,  especially  in  communities 
bordering  on  the  Clulf  ot  IVle.xico.  Its  last  appearance  in  the  Lnited 
States  was  in  Xew  Orleans  in  1905.  The  disease  is  unknown  in  the 
Ear  East,  j)robably  because  it  has  never  been  introduced. 

There  seems  to  be  little  natural  immunity  to  yellow  fever.  One 
attack  confers  immunity  and  second  attacks  are  very  rare.  It  is 
less  fatal  in  the  younger  age  groui)s  and  in  the  negro  race.  N'egroes 
seem  to  have  a certain  degree  of  racial  immunity.  .\t  least  they 
have  the  disease  in  milder  lorm  than  whites,  Indians  or  C hinese, 
independently  ot  previous  attacks. 

*ln  1007  Stimi)Son  of  the  U.  S.  Public  lleallh  Service,  working  wiUi  sections  of 
organs  from  |)ersons  who  dieil  from  yellow  fever,  found  a microorganism  which  he 
termed  Spinn  lncla  intcrroii>nis . This  is  apparently  the  same  microorganism  as  Noguchi’s 
Leptospira  i tier  aides . 
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riu'  (lisi-asc  is  transniitt(.'<l  in  nature'  only  lliroii.t^li  llu'  hitr  of  an 
inU'oU'd  nioseiuilo,  tlu'  Aeilrs  (iriiyftti,  which  is  found  in  many  parts  of 
tlu'  world;  including  ('uha,  South  America,  Mexico,  I'nited  Slates, 
Hawaii,  tlie  I’hilippine  Islands,  Africa,  India,  etc. 

In  ordc'r  to  heeome  inlected  tlu'  mos(|uito  must  withdraw  blood 
Irom  the  ])atient  within  the  lirst  three  or  four  days  of  the  illness  after 
which  a pc'riod  of  extrinsic  incubation  must  elai)se.  'This  jjeriod 
ne\'er  has  bec'U  lound  lo  be  less  than  12  davs  and  usuallv  over  two 
weeks  varying  with  the  lem])erature.  The  lower  the  leiuperalure 
the  longer  the  extrinsic  jeeriod  ol  incubation.  Once  infected  the 
mosejuito  apparently  remains  so  during  her  active  life,  although  in 
the  I nited  States  the  organism  dies  out  in  the  mos(|uito  during  her 
period  ot  hibernation  so  that  it  is  not  possible  for  yellow  fever  to  be 
carried  over  to  another  season.  An  outlcreak  during  the  following 
year  is  accounted  lor  by  a new  introduction  ol  the  disease.  In  coim- 
tries  south  of  the  L nited  States  wliere  the  cold  season  is  much  shorter 
and  much  warmer  the  inimical  ellect  ot  low  tem|)erature  on  the  organ- 
ism within  the  mosciuito  might  not  be  felt  and  so  an  infected  mos- 
cjuito  might  be  active  for  a much  longer  period  even  into  the  next 
warm  season.  Infection  is  not  transmitted  to  the  progeny. 

Habits  of  the  YeUow  Fever  Mosquito.  The  yellow  fever  mos- 
C}uito  is  a small  brown  mosquito  with  silver  markings  on  the  legs  and 
back.  It  is  cpiick  to  avoid  capture  and  to  change  its  direction  of 
llight  although  it  does  ncH  lly  last.  It  llies  with  its  legs  sjmead  out 
and  has  an  annoying  hum  as  it  bites,  preferring  to  bite  the  ankles, 
under  sides  of  the  wrist  and  back  ot  neck.  It  bites  in  daylight, 
prelerring  the  early  morning  and  late  afternoon,  but  avoids  direct  sun- 
light. It  is  common  both  in  and  around  houses,  ddie  yellow  fever 
mosquito  may  also  bite  after  dark,  as  well  as  during  the  day.  On 
cloudy  days  in  a darkened  room  the}'  may  spend  much  of  the  time 
resting,  prelerring  dark  surlaces  like  dark  clothing  on  which  to  rest. 

I he  mouth  parts  ol  the  female  onl\'  are  ada])ted  lor  ])iercing  the 
skin.  'Idle  insect,  being  very  wary,  is  quite  successful  in  avoiding 
a swat. 

I his  moscjuito  is  distinctly  a domestii'  moscjuito  breeding  in  and 
around  houses  in  bottles,  cans,  j)ots,  cisterns,  water  barrels,  buckets, 
roof  gutters,  etc.,  which  contain  clean,  fresh  water.  In  the  ab.sence 
of  the  usual  breeding  places,  ovii)osition  must,  of  course  take  i)lace, 
and  under  such  circumstances  the  I'ggs  may  be  laid  in  small  pools 
around  a house  which  contain  clean,  fresh  water,  perhaps  in  street 
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i>:utli‘rs,  collections  of  water  in  the  axils  of  leaves  or  in  knot  holes  in 
lo^s  and  trees.  If  hard  pressed  it  has  been  found  even  breeding  in 
slop  jars  and  chambers  containing  dirty  water.  When  found  breed- 
ing in  unusual  })laces  it  is  likely  that  complete  development  rarely 
takes  jdace.  While  this  mosquito  may  not  mind  some  dirt  in  the 
water  it  is  not  a cess  i)ool  breeder. 

'I'he  eggs  of  Acdcs  ac^ypli  are  laid  a little  above  the  margin  of 
the  water  on  the  sides  of  the  receptacle,  at  intervals  commencing 
from  I to  7 days  after  feeding.  They  are  laid  singly  in  small  groups 
not  in  rafts  like  the  Culcx.  They  deveh)p  in  from  2 to  8 days  into 
larvae  which  in  about  a week  become  pupae.  These  in  turn  develop 
in  about  two  days  into  the  fully  formed  insects.  The  eggs  are  fusi- 
form in  shape  and  roughened  in  pattern,  giving  them  a [)earl  neck- 
lace-like api)earance  at  the  margins. 

The  distribution  of  the  yellow  fever  mosquito  is  limited  to  the 
area  between  38°  North  latitude  and  38°  South  Latitude.  Above  or 
below  these  boundary  lines  the  cold  weather  is  inimical  to  the  life 
of  the  insect.  In  the  tropics  it  is  present  all  the  year  round.  In 
the  sub-tropics  where  the  colder  weather  brings  frost,  some  of  the 
females  hibernate  through  the  winter  as  on  the  Gulf  Coast  of  the 
Lnited  States.  Eggs  have  been  found  to  retain  their  vitality  for 
live  months  or  even  longer  out  of  water,  and  probably  this  is  the 
usual  means  of  surviving  through  the  winter.  The  yellow  fever 
mosquito  does  not  fly  far  from  her  place  of  birth,  rarely  more  than  100 
yards  or  as  far  as  the  houses  of  adjoining  neighbors.  Their  flight  is, 
therefore,  extremely  limited  but  they  may  be  carried  great  distances 
by  shi})s  and  occasionally  by  train. 

Recognition  of  the  Disease.  Early  diagnosis  of  yellow  fever  is 
highly  desirable.  However,  diagnosis  is  diliicult  in  the  early  stages 
and  in  mild  cases,  or  in  some  instances  one  cannot  make  a positive 
diagnosis.  In  a group  of  cases  diagnosis  should  be  easier.  Ihe 
disease  comes  on  suddenly.  About  one-half  of  the  attacks  commence 
at  night,  d he  jiains  and  malaise  are  much  greater  than  one  would 
expect  from  the  temperature  which  is  rarely  over  103.5.°!’'.  In  light 
cases  the  temjierature  is  highest  on  the  lirst  day;  in  moderately  severe 
cases,  on  the  lirst  or  second  day  when  it  commences  to  fall.  The 
tem])eralure  is  a continuous  one  and  reaches  normal  r)n  the  q^^b 
or  bth  day.  The  headache  is  severe  and  invariably  i)resent.  There 
is  troubled  sleep  or  insomnia  and  restlessness.  'I'he  lacies  are  char- 
acteristic 1‘arly  in  the  disease.  1 here  is  intense  acti\’e  capillary  con- 
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,m.‘sti()n  of  tin-  skin  and  nuuous  nuanbraiu's,  prodiu  in,u  injrclcd  and 
wati'ry  conjuiutiwu'.  'Flu'  upper  lip  i>  swollen  and  the  whole  fact- 
pulled  and  red.  'I'he  ,i;un'is.  lonyue  and  fauces  are  red. 

Too  imieh  (h-pendenee  nuisl  not  he  placed  on  early  yellowinj^  of 
the  eonjunetix  a as  an  aid  in  I lu-  diagnosis  as  it  will  ordinarily  he  found 
especially  in  the  tropics,  that  many  |)ersons  have  some  icteric  linite  to 
the  eonjuneti\-a  due  to  other  causes,  l-'ollowiipy  the  sthenic  staj^e 
on  about  tin-  third  day  comes  tin-  stafj;e  ol  calm  which  is  fretiuentlv 
\ery  short  indeed.  It  may  not  he  accompanied  hy  any  cessation  of 
the  temperature  hut  the  distress,  restlessness  and  pain  disai)pear 
and  the  |)ati('nt  is  very  tired,  too  tired  to  speak  or  even  mo\'ea  lm,u;er. 

I he  mind  is  clear.  Stasis  or  passive  I'oipyestion  now  take  the  j)laee 
nt  the  active  congestion  ot  the  lirst  stage,  d'he  tace  is  a dusky  vellow, 
the  conjuncti\';e  are  still  red  hut  dry  and  show  the  tortuous  veins. 

I he  conjunctivie  are  now  distinctly  y(-llow  and  the  gums  are  red, 
spongy  and  bleed  spontaneousK'  or  on  \’erv  slight  ])ressure.  This 
bleeding  may  Ik-  elicited  by  pressing  the  finger  lightly  over  the  upper 
lip,  not  directly  on  the  gums.  If  the  nail  he  drawn  across  the  skin 
on  the  chest,  a yellowish  line  will  he  left  which  finally  turns  red  and 
lasts  for  some  time.  1 he  stomach  is  trequently  painful,  always 
tender.  I his  may  he  elicited  by  pressure  over  the  epigastrium. 

In  the  more  severe  cases  nausea  will  now  return  after  being 
absent  since  the  onset  of  the  disease  and  gastric  and  intestinal 
hemorrhages  may  occur.  Jaundice,  which  was  first  noticed  in  the 
sclerotics  may  now  he  general  although  frecpiently  it  does  not  make 
its  ajipearance  until  convalescence.  \\  hile  the  mind  is  usually 
clear  and  alert,  violent  delirium  mav  he  present. 

Albuminuria  is  generally  tound  on  the  evening  of  the  third 
day  and  if  not  present  by  the  fourth  day,  it  is  rarely  found  later. 
Albuminuria  comes  on  even  with  very  little  lever,  in  an  amount  out 
ol  all  jiroportion  to  the  rise  ol  temperature  and  increasing  in  amount 
with  a tailing  temiierature.  Albumen  making  its  appearance  earlier 
than  the  thiid  day  is  a point  indicating  an  unla\'orable  prognosis. 
It  is  well  to  look  for  albumen  at  the  very  beginning  of  the  disease  as 
it  may  be  jiresent  from  some  other  cause. 

^ ellow  lever  is  not  a disease  of  high  temperatures,  not  usually 
rising  over  io,p5°F.,  though  fever  of  104°  or  105°!'.  ]nay  occur,  d'he 
])ulse  is  rather  characteristic.  At  tin-  beginning  of  the-  disi-ase,  it  is 
higher  than  it  should  be  for  the  amount  of  l(-mperature,  i)(-rhai)s  ten 
or  twenty  beat.s;  it  then  commences  to  drop,  the  distance  bt-tween  the 
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pulse  and  temperalure  curves,  increasing  as  the  disease  progresses. 
There  is  nothing  cliaracteristic  about  the  blood  ])icture.  d'here 
may  be  leucopenia,  leucocytosis  or  the  blood  count  may  be  normal. 

A’ellow  fever  must  be  differentiated  from  malarial  fever,  dengue, 
influenza  and  measles.  The  ])rincipal  points  to  be  remembered  in 
the  sym])toms  and  signs  of  yellow  fever  are  the  early  api)earance  of 
the  albumen,  facies,  jaundice,  tendency  to  hemorrhages,  tenderness 
in  the  epigastrium,  lack  of  correlation  between  pulse  and  tempera- 
ture, and  a clear  mind.  The  leucopenia  of  dengue,  Ko])lik’s  spots 
of  measles  and  the  ])lasmodium  of  malaria  should  be  kept  in  mind, 
although  it  must  be  remembered  that  finding  the  plasmodium  does 
not  exclude  yellow  fever,  as  both  infections  may  co-exist,  and  that 
leucopenia  may  be  present  in  yellow  fever.  Where  one  is  not  able 
to  make  an  early  diagnosis  of  yellow  fever,  it  is  better  to  wait  until 
the  temperature  becomes  more  tyiiical,  applying  preventive  measures 
just  the  same.  It  is  a serious  thing  to  pronounce  dengue  fever  yellow 
fever  and  still  more  serious  to  miss  a case  ot  yellow  fever  by  calling 
it  dengue. 

Upon  j)ost-mortem  examination  cloudy  swelling  and  fatty  degen- 
eration of  liver  cells  will  be  noted.  The  liver  is  yellowish  in  color 
and  oily  on  section.  Icterus  is  marked.  The  endothelial  cells  of 
capillary  blood  vessels  undergo  degeneration.  The  kidneys  are 
swollen  and  congested  and  show  evidence  ot  fatty  degeneration. 
Hemorrhages  may  be  noted  in  the  skin  as  well  as  mucous  and  serous 
membranes.  The  stomach  and  intestines  contain  disintegrated 
blood.  The  spleen  does  not  show  any  change. 

Methods  of  Prevention  and  Control.-  There  are  two  important 
facts  to  be  kept  in  mind;  first,  that  without  the  yellow  fever  mos- 
quito, yellow  fever  cannot  spread  even  though  a case  is  introduced 
into  a community;  second,  that  the  yellow  fever  moscjuito  cannot 
become  infected  unless  it  has  bitten  a yellow  fever  jiatient  some  time 
during  the  first  three  or  tour  days  of  the  illness.  I he  essential 
things  to  be  done  in  the  control  ol  yellow  lever  are  to  protect  the 
patient  against  the  bite  of  a mosquito  from  the  very  beginning  of 
the  disease;  to  protect  all  persons  trom  being  bitten  by  mosquitoes,  b_\ 
screening  houses  and  sleeping  under  mosquito  nets;  to  eradicate 
yellow  fcA'er  mosquitoes  by  oiling,  screening  or  eliminating  their 
breeding  places. 

Early  Recognition.  Marly  recognition  is  essential,  lo  be  on 
the  safe  side  during  an  epidemic  or  threatened  ejiidemic,  e\'ery  ca^e 
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i)t  k'wr  should  hr  ])Iac\'(l  undrr  a iiios((uilo  ncl,  c'X’on  (h()Uj;li  tin- 
disease  may  not  ])ro\‘e  to  he  yellow  fex'er.  Iv\])erls  familiar  with 
till'  siyns  and  symptoms  ol  yellow  lexer  should  he  ax'ailahle  to  assist 
praetieiny  ])hysicians  to  make  the  diajtnosis,  clinically  and  at  nee- 
rojisy.  It  is  adx'isahle  to  insjiect  all  dead  hodies  during  a x'clloxv 
fex'cr  outhreak. 

Reporting.  All  cases  ol  yelloxx'  lex’cr  should  he  rejiorted  immedi- 
ately as  xvell  as  all  susjiieious  eases. 

Placarding.  The  house  should  he  placarded. 

Isolation.  Isolation  under  a mosijuito  net  in  a screened  room 
.should  he  reiiuired.  It  is  not  necessary  though  better  to  remox’e 
a patient  to  an  isolation  hospital  xxdiere  the  projier  ]irecautions  can 
he  taken. 

Quarantine.-  Quarantine  may  not  he  necessary,  hut  contacts 
should  have  their  temperatures  taken  txvice  a day  for  six  days,  and 
should  he  required  to  report  to  the  health  otficer  the  minute  they 
feel  ill.  C ontacts  should  he  xaiccinated. 

Funugation.-  Disinfection  is  not  required.  Fumigation  to 
kill  mosquitoes  should  he  jiractised  in  a screened  room  to  xvhich  the 
Iiatient  should  he  transferred,  after  xvhich  the  rest  of  the  house, 
including  the  room  previously  occujiied  hy  the  patient  should  he 
lumigated  to  kill  mosquitoes. 

Screening.  As  a community  measure  screening  on  a large  scale 
is  imjiracticahle,  as  a protection  to  himself  and  family  each  house- 
holder should  screen  his  house  against  mosquitoes,  using  a wire 
screening  xvith  a mesh  not  less  than  i8  to  the  inch. 

General  Measures.  The  work  of  eradicating  yellow  fever 
mosquitoes  must  l)e  carried  on  energetically  hy  an  organized  corps 
consisting  of  laborers  xvorking  under  the  superxdsion  of  inspectors. 

I hi  lily  should  he  dix  ided  into  districts,  and  a sulhcient  number  of 
laborers  and  insj)ectors  assigned  to  xvork  therein  so  that  the  terri- 
tories can  he  covered  once  a xveek.  'hheir  duties  are  to  hunt  out  all 
jilaces  in  which  yelloxv  lex'er  mos(|uitoes  are  breeding  and  do  axvay 
xxith  them  liy  spilling,  tilling,  oiling,  screening.  Rubbish,  like  tin 
cans  and  old  bottles  that  may  hold  xvater,  and  therefore  seiwe  as 
breeding  places  for  mosquitoes,  should  he  collected  and  disjiosed  of 
adeijuately.  bottles  may  he  broken  and  tin  cans  smashed,  so  that 
they  lannot  retain  xvater.  Cisterns  and  rain  barrels  gix’e  a great 
deal  of  trouble.  I hose  xvhich  cannot  he  done  away  xvith  as  is  the 
case  in  many  instances,  should  he  oiled  once  a xveek,  or  made  mos- 
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fluiU)  proof  1)V  covers  or  some  form  of  sereenin^^  which  will  not 

permit  the  inttress  or  ejtress  ol  mos((uitoes.  ( iire  must  be  tuken  to 
screen  the  openiiifts  for  ventilation. 

The  International  Health  Hoard  has  been  very  successful  in  the 
use  of  tish  for  the  extermination  of  larvae  ol  the  Aedcs  acgypli  in 
Xicara.ttua,  Peru  and  luuador.  d'he  lish  are  placed  in  wells,  cis- 
terns, rain  barrels,  water  bottles,  in  tact  in  all  but  the  smallest  water 
containers.  In  Peru  a fish  known  locally  as  Chalaco  has  been  found  to 
be  the  most  useful.  In  Nicaragua  the  Poccilia  sphenops  has  been 
successfully  used,  which  is  probably  the  same  tish  as  one  used  success- 
fully in  Peru  known  locally  as  the  Chalquoquc.  Other  lislxes  used  in 
Peru  are  known  locally  as  Life,  Majarra  (Acquidens  rivulatus) 


Cachuelo,  Tripon,  and  Bagre  (a  small  cat  tish). 

When  it  is  possible  to  empty  containers,  it  should  be  done  once  a 
week  and  the  containers  then  exposed  to  the  sun  for  three  hours  before 
refilling.  Straining  out  the  larvae  has  been  tried  in  an  ettort  to  save 
the  water.  The  successful  use  of  fish  in  water  containers  makes 
the  entire  problem  a much  easier  one  to  solve.  It  must  not  be  for- 
gotten that  even  very  small  collections  of  water  in  and  around  the 
house  may  breed  Aedes,  as  for  instance,  in  the  base  of  flower  pots,  in 
the  water  pan  of  a grind  stone,  baptismal  fonts,  tins  containing  water 
in  which  the  legs  of  tables  have  been  placed,  roof  gutters,  and  a host  of 
other  places  that  may  easily  escape  notice.  Roof  gutters  should  be 


repaired  so  that  they  drain  completely. 

A campaign  of  education  should  be  carried  on  so  that  people  would 
understand  what  is  being  done  for  their  good,  and  what  they  should 
do  to  help  out  the  situation. 

Carter  points  out  that  in  a small  city  where  there  is  more  or  less 
yellow  fever,  where  there  is  no  immigration,  and  where  the  only 
increase  of  poj)ulation  is  due  to  the  births  within  its  boundaries, 
yellow  fever  tends  to  die  out,  because  eventually  an  immune  popu- 
lation develops,  and  there  is  no  susceptible  material  left,  or  at  least 
there  is  so  little  of  it,  that  the  i)robability  of  a chance  infected  mos- 
quito coming  in  contact  with  the  right  person  is  very  remote.  Of 
course,  given  a suflicienf  length  of  time  during  which  there  is  a grad- 
ual accumulation  of  susceptible  material,  a fresh  introduction  ot  the 
disease  might  be  the  beginning  of  a limited  outbreak  depending  upon 
the  amount  of  available  material  present  and  the  prevalence  of  the 
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It  caiinDt  he  expected  nor  i>  it  lu-eessary  thiit  all  iii()S(|uitot-s  of 
the  >peeies  ii(\!^y/>li  he  extiTininated.  All  that  is  necessary  is  to  redin c 
their  nuinhers  to  a niiniimim.  I'lnA  ininiinuin  inav  hc'  considered  as 
haxiinj;  heen  reaihed  when  it  is  shown  that  nios(|uito  hreedinji;  is 
takiny  ])laee  on  not  more'  than  i',  ol  tin*  premise's  eomprisinji;  the 
inleeted  eoninuinit}'.  d'his  pe-reentaye  nia\'  he  increased  de])endiji<f 
Uj)on  the'  nuinher  ot  immune'  jee'rsons  amony  the  po])ul;ition.  d he' 
yn-eater  the  numher  of  immunes  the'  hiydie'r  the  ])e'reentaye  e)f  safety 
hasc'el  em  the  numhe'r  eet  hre'e'eliny  plae  e's.  ( )n  the  othe'f  h;ind  in  a 
e'ommunity  with  ;i  larye  suseeptihk'  j)e)])idation,  where'  ye'llow  le'\'er  is 
introduced,  the  anti-me)se|uito  work  must  he'  all  the  more'  intensi\e'. 

'■  Hre'e'eliii”:  is  neet  te)  he  eonsiek'red  as  synonvmeeus,  with  “p''**’ 
duetion.  In  tact  in  me)se|uito  weerk  it  is  ([inte  a elilleix'iit  matter. 
W here  only  small  lar\  ae  are  eimeeuntered  me  large  larvae  and  nojeupae, 
it  may  he  assumeel  with  certainty  that  the  anti-moscpiite)  work  is 
sueeesstui  ;inel  that  while  hreeeling  may  he  taking  place,  no  larvae 
will  ge)  on  to  the  “production''  eef  adults. 

Immunization.  - Xeeguchi  has  devek)peel  a serum  which  promises 
very  geeexl  results  when  used  een  ejr  helore  the  thirel  dav  eef  the  disease. 
He  also  reports  tavorahle  results  following  the  use  of  a protective  vac- 
cine made  from  killed  culture  of  Leptospira  ictcroidcs. 

A Guide  for  Formulating  a Mosquito  Ordinance 

J he  lollowing  outline  for  a Mosquito  Ordinance  has  heen  sug- 
gested hy  the  U.  S.  Public  Health  Service  (Public  Health  Reports, 
April  2,  1920).  Like  all  model  ordinances  it  may  recjuire  some  modi- 
fication in  order  to  adajit  it  to  local  conditions. 

Model  Ordinance 

Skctio.v  I.  U shall  be  unlawlul  lor  any  jierson  to  have,  keep,  mainlain,  cause, 
or  [)ermil  wilhin  the  cor[)orate  limits  of collec- 

tion ol  slandiiif;  or  llowing  water  in  whiih  mosciuitoes  breed  or  are  likely  to 
breed,  unle.ss  such  collection  of  water  is  treated  so  as  effectually  to  prevent 
such  breeding. 

Skction  2.  Collections  of  water  in  which  mosciuitoes  breed  or  are  likely  to 
breed  are  those  contained  in  ditches,  ponds,  pools,  e.xca  vat  ions,  holes,  depressions, 
open  cesspools,  jerivy  vaults,  fountains,  cisterns,  tanks,  shallow  wells,  barrels, 
troughs  (e.xcepi  horse  troughs  in  fre(|uent  use),  urns,  cans,  bo.xes,  bottles, 
tubs,  buckets,  detective  house  roof  gutters,  tanks  of  Ikish  closets,  or  other 
similar  water  ccmlainers. 

Skction  3.  d'he  natural  presence  of  mos(|uilo  larvae  in  standing  or  running 
water  Siiall  Ijc  Lwidciicc  that  nK)S(]uit<)es  arc  l^rccdiii^  there. 
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Skctio.n  4.  C'ollcclions  of  water  in  whicli  mosfiuiloes  breed  or  are  likely  lo 
l)reed  shall  be  treated  by  sueh  one  or  more  of  the  following  methods  as  shall  be 
ai)j)roved  by  the  health  ollieer: 

(a)  Screening  with  wire  netting  of  at  least  16  meshes  to  the  inch  each  way, 
or  any  other  material  which  will  elTectually  ]rrevenL  the  ingress  or 
egress  of  mosciuitoes. 

(/;)  Complete  emjitying  every  seven  days  of  unscreened  containers,  together 
with  their  thorough  drying  or  cleaning. 

(c)  Using  a larvicide  a[')i)roved  and  applied  under  the  direction  of  the  health 
o nicer. 

(</)  Covering  completely  the  surface  of  the  water  with  kerosene,  {letroleum. 
or  paraffin  oil  once  every  seven  days. 

(c)  Cleaning  and  keeping  sufficiently  free  of  vegetable  growth  and  other 
obstructions,  and  stocking  with  moscjuito  destroying  lish. 

(7)  Filling  or  draining  to  the  satisfaction  of  the  health  officer. 

(g)  Projjer  disposal,  by  removal  or  destruction,  of  tin  cans,  tin  bo.xes,  broken 
or  empty  bottles,  and  similar  articles  likely  to  hold  water. 

Section  5.  In  case  the  iterson  responsible  for  the  condition  of  premises  on 
which  moscpiitoes  breed  or  arc  likely  to  breed  fails  or  refuses  to  take  necessary 
measures  to  prevent  their  breeding  within  three  days  after  notice  in  writing 
has  been  given  him  by  the  health  officer,  or  within  such  longer  time  after  such 
notice  as  may  be  specified  in  the  notice,  the  said  person  responsible  shall  be 
deemed  guilty  of  a violation  of  this  ordinance;  and  for  each  day  after  the  e.xpira- 
tion  of  three  days  from  the  day  on  which  such  notice  is  given  him,  or  for  each 
day  after  the  expiration  of  the  time  specified  in  the  notice,  as  the  case  may  be, 
that  the  person  responsible  fails  or  refuses  to  take  such  measures,  the  said  person 
responsible  shall  be  deemed  guilty  of  a separate  violation  of  this  ordinance,  and 
in  case  of  such  failure  or  refusal  of  the  person  responsible  the  health  officer  is 
authorized  to  take  necessary  measures  to  prevent  the  breeding  of  mosquitoes,  and 
all  necessary  costs  incurred  by  the  health  ofticer  for  that  purpose  shall  be  a 
charge  against  the  person  responsible. 

Section  6.  For  the  purjiose  of  this  ordinance  the  person  responsible  for  the 
condition  of  any  premises  is  the  person  using  or  occcqiying  the  same;  or,  in  case 
no  person  is  using  or  occupying  the  premises,  the  person  who  by  law  is  entitled 
to  the  immediate  possession  of  the  same;  or,  in  case  the  premises  are  useil  or 
occupied  by  two  or  more  tenants  of  a common  landlord,  or  lorm  grounds  appurte- 
nant to  a house  occupied  by  two  or  more  tenants  of  a common  landlord,  then 
the  landlord;  each  tenant,  however,  is  responsible  for  that  part  of  the  premises 
which  he  occupies  to  the  exclusion  of  the  other  tenants:  Provided,  That,  in  case 
the  premises  are  occupied  by  a tenant  under  a yearly  or  monthU'  tenancy,  01 
under  a lease  for  not  more  than  a year,  or  under  any  lease  whereby  the  lessor  is 
expressly  or  impliedly  obligated  to  keep  the  iiremises  in  repair,  and  the  collection 
of  standing  or  flowing  water  in  which  mosquitoes  breed  or  are  likely  to  breed 
is  owing  to  the  disrepair  of  the  building  or  buildings,  or  to  any  natural  quality 
of  the  j)remises,  or  to  any  condition  that  existed  at  the  time  when  the  tenant 
entered  into  possession,  or  to  anything  done  on  the  premises  by  the  landlord 
during  the  existence  of  the  tenancy  or  lease,  then,  and  in  such  case,  the  landlord 
is  the  i)erson  responsible:  Provided  Jitrllicr,  'J'hat  any  person  who  has  caused  to 
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exist  on  ;uiy  premises  of  which  he  is  not  llie  owner,  landlord,  occui)ant,  or  tenant 
any  collection  of  water  in  which  mostpiitocs  breed  or  arc  likely  to  breed  is 
responsible,  as  well  as  the  owner,  landlord,  tenant,  or  occupant,  as  the  case- 
may  be. 

SiccTiuN  7.  For  the  purpose  of  enforcing  the  provisions  of  this  orditiance, 
the  health  olhcer,  or  his  lawful  subordinate,  may  at  all  reasonable  times  enter  in 
and  upon  any  premises  within  his  jurisdiction. 

Sectio.n  8.  Any  person  found  guilty  of  a violation  of  this  ordinance,  as 
described  in  section  5 hereof,  shall  be  j)unished  by  a fine  of  not  less  than  one 
dollar  (Si)  and  not  more  than  twentv-l'ive  dollars  ($25). 

Section  9.  This  ordinance  shall  be  in  full  force  and  etlect  on  and  after  the 
day  from  the  day  on  which  it  is  approved. 
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DENGUE  FEVER 

Causative  Agent.  Unknown.  A lilterable  virus  which  is  pres- 
ent in  the  blood  of  patients  from  the  second  to  the  fifth  day. 

Source  of  Infection.-  The  virus  circulating  in  the  l^lood  is  trans- 
mitted from  the  i)atient  to  a well  jierson  through  the  bite  of  a mos- 
([uito,  Accics  ae.gypli  (Slcgomyia  J'asciaki).  The  disease  may  also 
lie  transmitted  by  the  direct  inoculation  of  blood  from  a patient. 

Period  of  Communicability.-  In  order  to  withdraw  the  virus  the 
mosejuito  must  bite  the  i)atient  from  the  second  to  the  hfth  day  of 
the  disease. 

Period  of  Incubation. — Three  to  ten  days. 

Epidemiology.-  Dengue  fever  is  a disease  of  tropical  and  sub- 
tropical countries  and  is  common  in  India,  China,  and  the  Philipi)ine 
Islands.  A number  of  epidemics  hdve  occurred  in  the  Southern 
United  States.  It  appears  in  epidemic  form  spreading  rapidly,  and 
attacking  large  numbers  of  jreople  at  or  about  the  same  time,  like 
epidemic  intluenza.  It  attacks  both  sexes.  There  is  no  racial 
immunity.  Death  rarely  occurs.  One  attack  gives  but  uncertain 
immunity.  The  extrinsic  ])eriod  of  incubation  is  indefinite.  There 
may  be  two  similar  diseases  included  under  the  term  Dengue  fever. 

The  distribution  of  dengue  fever  corresponds  rather  closely  to  the 
distribution  of  Acdcs  acgypli  which  in  the  United  States  is  not  found 
further  X’orth  than  about  38°. 

Habits  of  the  Aedes  aegypti  ( Stegomyia  fasciata) . — See  Yellow 
Fever. 

Recognition  of  the  Disease.  The  disease  sets  in  abrujitly  with 
intense  supra  and  post  orbital  headache,  and  chilly  sensations, 
d'here  are  jiains  in  the  back  and  very  severe  pains  in  the  muscles  and 
around  the  joints,  d'he  temperature  rises  rapidly  to  102°  or  105°  F. 
d'he  face  is  blotchy,  the  eyes  are  injected,  the  mucous  membrane  is 
llushed.  d'he  inilse  rate  may  be  slow  but  usually  varies  directly  wdth 
the  temperature,  d here  is  great  deiiression,  both  mental  and  phys- 
iial,  malaise,  loss  of  ajiiietite,  etc.  d'he  temiierature  remains  high 
for  three  or  four  days  when  it  drops  and  is  lollowed  by  a period  ot 
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ri'iiiissioii  (luriiiL!:  whirli  tlu-  palicnt  fi-i'ls  coniparaliNcly  well.  'I'hi- 
period  of  remission  is  soim-limes  extremely  short  and  ma_\'  |)ass 
unnoliei'd,  or  it  is  nsuall_\'  somewhat  imhdinite  lasting  from  \2  lioiirs 
to  three  days.  After  the  remission  tin-  fever  ayain  risr-s  ahrnpt ly  and 
thc'patiimt  is  even  more  se\  ei\'ly  ill  than  he  was  duriny  t he  lirst  staye. 
'The  latter  staye,  however,  does  not  last  so  lony.  d'lu'  rash,  which  is 
more'  or  less  typieal  ol  the  disease,  may  appear  with  the  inte'rmissioii 
or  with  the  second  rise  ol  ti'mi)eraturi'.  It  lirst  appears  on  the  dorsal 
surface  of  the  hands  and  teet  and  llu'  forearms  and  leys  and  after- 
wards ]nay  he  more  widely  sj)read.  It  is  somewhat  variable,  some- 
times absent  or  at  least  very  evanescent.  It  has  ])een  described  as  a 
rash  more  like  measles,  but  it  is  as  freciuently  a jninctate  decidedl}' 
briyht  rosy  blush,  disapi)eariny  on  pressure  more  like  scarlet  fever. 
With  the  drop  in  temperature  there  may  be  epistaxis,  ])rofuse  sweat 
or  diarrhoea.  Leucopenia  is  marked  and  is  found  early  in  the  disease, 
about  the  second  day.  'Fhere  is  also  a reduction  of  poly]nor[)honu- 
clear  leucocytes.  Albuminuria  is  absent.  Denyue  fever  must  be 
dit'ferentiated  from  yellow  fever  and  inlluenza,  as  well  as  from  measles, 
scarlet  fever  and  even  variola. 

Methods  of  Control.  The  patient  should  be  kej)t  covered  bv  a 
mosc{uito  net  at  least  five  days  from  the  beyinniny  of  the  diseases 
Destruction  of  the  mosquito  is  called  for.  (See  yellow  fever.) 
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FILARIASIS 

Causative  Agent.  Eilariasis  is  caused  by  a thread-like  round 
worm,  Class  X^ematoda  and  Family  Eilariidae,  the  embryos  of  which 
can  usually  be  found  circulating  in  the  blood  sometime  during  the 
24  hours.  There  are  at  least  five  more  or  less  important  species 
affecting  man  as  follows: 

Filaria  bancrofti,  the  adult  forms  of  which  are  located  in  the 
lymphatics  and  lymj)hatic  glands. 

Loa  loa  1 

Onchocerca  volvulus  [ the  adult  forms  of  which  are 

Acanlliocheilonema  Persians  ; located  in  the  connective  tissues. 

Dracunculus  medinensis  \ 

Of  these  Filaria  bancrofti  is  the  most  widespread  and  is  the  most 
important. 

FILARIA  BANCROFTI 

Source  of  Infection.  The  adult  worms  are  located  in  the  lym- 
phatic system.  The  embryos  known  as  microfilariae  are  found  circu- 
lating in  the  blood  at  night,  and  not  at  all  or  in  very  small  numbers 
during  the  day. 

Mode  of  Transmission.-  Transmission  from  person  to  person 
is  brought  about  through  the  bite  of  an  infected  moscpiito,  commonly 
Culex  quinqucfasciatus,  although  other  mosquitoes  have  been 
implicated. 

Period  of  Communicability. — As  long  as  microfilariae  are  circu- 
lating in  the  blood. 

Period  of  Incubation.  Indefinite. 

Epidemiology.-  Eilariasis  is  a disease  of  tropical  and  subtrojiical 
countries.  In  the  United  States  cases  have  been  traced  to  Charles- 
ton, South  Carolina,  where  the  infection  is  present.  It  allects  any 
age  and  either  sex. 

Man  is  the  definitive  host.  It  is  in  man  that  the  sexual  cycle 
occurs,  and  damage  is  dojie  by  the  ])resence  of  the  lilariae  only  by 
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acA'idcnt  so  to  spoak.  'PIu'  lully  fornu'd  onihryos  (microldariao) 
do  no  harm  even  thoui^lr  tlu'y  may  he  prc'senl  in  lar.^c'  numhers. 
I hey  are  small  enough  to  ])ass  through  the  capillaries.  An  accumu- 
lation ol  adult  worms,  or  i)t-rhaps  emhrx'os  ynAa'ii  off  prematurelv 
when  they  may  he  coiled  or  loo]H‘d,  may  offer  an  ohst  ruction  in  the 
lymi)hatie  vessels  or  ,e:i\e  rise  to  irritation.  'The  mos(|uito  is  the 
intermediate  host.  It  sutlers  Irom  tiu'  presence  ol  the  lar\'al  lilariae. 
Its  life  is  shortened. 

I he  hahils  of  C iilcx  (juiinji/cldscuilus  indicate  strongly  that  it 
is  the  common  trajismitler  ol  I'lhwid  buiio'o/ti . It  is  domestic  in 
its  hahits  breeding  in  and  around  houses  in  receptacles  containijig 
lilthy  water,  in  cesspools,  open  sewers,  catch  basins,  accumulations  of 
water  in  city  dumps  etc.  In  the  house  it  is  especially  yoracious  at 
night  and  theretore  bites  when  the  microfilariae  are  present  in  the 
peripheral  bhxxl  in  largest  numbers.  Where  the  disease  is  jiresent, 
C idex  quinquejasciatus  is  also  iound.  Howeyer  the  mosciuito  is  com- 
mon in  many  places  where  the  disease  has  neyer  been  known  to  occur. 

Life  History  of  Filaria  Bancrofti.-  It  is  conyenient  to  start  with 
the  embryos  circulating  in  the  peripheral  blood,  d'hey  do  not 
multiply  in  the  blood.  Ihey  are  taken  into  the  stomach  of  the 
mosquito  during  the  act  of  biting.  Neither  do  they  multijily  in  the 
stomach  of  the  mosquito.  If  only  one  is  taken  in  only  one  can  be 
giyen  out.  Within  the  stomach  of  the  mosquito,  the  embryo  sheds 
its  sheath,  makes  its  way  through  the  walls  of  the  stomach  and  intd 
the  thoracic  muscles  where  it  undergoes  a metamor|)hosis  becoming 
a larva.  Alter  a variable  time,  about  two  weeks,  the  larval  migrates 
through  the  connectiv’c  tissue  sjiaces  to  another  part  of  the  mosqui- 
toes body,  that  is,  it  may  pass  towards  the  abdomen,  into  the  legs, 
into  the  head,  into  the  antenna  etc.,  or  into  the  labium.  In  the 
latter  event,  it  is  in  a jiosition  to  pass  out  and  infect  an  indivddual. 
When  the  infected  mosquito  bites,  the  stilette  bundle  ])enetrates  the 
skin,  while  the  labium,  which  does  not  enter  the  skin,  bends  under 
like  a bow,  its  distal  end  touching  the  skin  with  the  labellae  siiread 
out  steadying  the  jiiercing  organs.  The  lilaria  coming  down  through 
this  labium  pierces  Dutton’s  membrane,  and  is  deposited  on  the  skin 
of  the  human  host.  It  then  wriggles  its  way  through  the  skin  into  the 
lymphatic  system  where  it  matures  and  becomes  a sexually  developed 
adult.  Here  nothing  further  occurs  unless  a repre.sentative  of  both 
sexes  hajipens  to  lind  its  way  into  the  same  gland.  In  this  event  one 
ftmale  may  produce  as  many  as  looo  embryos  or  more  at  one  time. 
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'I'he  embryos  tlieii  escape  from  the  lymphatic  system  and  circulate 
in  the  blood  as  microfilariae.  The  cycle  is  then  complete. 

The  adult  male  lllaria  is  about  i '2  inches  lonj^,  the  female  about 
3!  2 inches,  ddie  microfilariae  are  about  30  times  lonf^er  than  and 
about  as  wide  as  the  diameter  of  a red  blood  cell. 

'J'he  periodicity  displayed  by  the  microfilariae  of  fiUiria  ban- 
crofli  seems  to  bear  some  relation  to  the  hosts  jieriods  of  sleeping, 
for  it  has  been  observed  that  in  jiersons  like  night  watchmen  who 
sleep  during  the  day,  instead  of  during  the  night,  microfilariae  may 
be  observed  in  greatest  number  during  the  day. 

Complications  and  Sequellae  of  the  Disease  — Persons  may  have 
fdariasis  without  knowing  it  or  the  disease  may  manifest  itsself  by 
attacks  of  fever  and  lymjihangitis,  filarial  orchitis  and  hydrocele, 
dilatation  of  the  lymph  vessels,  varicose  veins,  chyluria,  lymphuria, 
elejihantiasis  etc. 

Other  Filariae 

Loa  Loa.  Mention  should  be  made  of  Loa  loa  which  is  found 
on  the  west  coast  of  Africa  and  disseminated  by  the  mangrove  fly, 
Chrysops  dimidiata.  The  adult  lives  in  the  connective  tissues  and 
may  wander  about  so  that  its  course  may  be  marked  by  an  oedema- 
tous  track.  It  is  more  frequently  noted  about  the  region  of  the  eye. 
The  microfilariae  circulate  in  the  blood  as  in  the  case  of  Pilaria 
hancrofli  but  are  diurnal  in  their  periodicity.  Tor  this  reason  the 
parasite  has  been  called  Filaria  diurna. 

Dracunculus  medinensis.  Related  to  the  Idlariae  is  Dracun- 
culus  ))icd i nciisis  or  Cuinea  worm  as  it  is  sometimes  called.  Males 
and  females  live  in  the  connective  tissue  about  the  mesentery. 
.\fter  fertilization  has  taken  iilace  the  males  jirobably  die  and  the 
females  migrate  downward  towards  the  legs  and  leet.  Arri\ing 
under  the  skin  the  female  bores  her  way  through  its  deeper  layers, 
a little  bulla  on  the  surface  marking  her  jiresence.  Contact  with 
water  causes  the  bulla  to  burst  and  the  embryos  to  be  liberated. 
When  discharged  into  the  water  of  a stream  or  i)ond  the  embryos 
are  taken  in  by  a small  crustacean,  Cyclops,  which  when  imbibed  by 
man  with  the  drinking  water  dies  in  his  stomach.  I he  embryos 
are  released,  bore  through  the  stomach  wall  and  find  their  way  to 
ihe  connective  tissue  of  the  mesentery,  where  they  develop  into 
adults  thus  completing  the  cycle. 
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PAPPATACI  FEVER 

('riirec  Day  l''c‘\a“r) 

Causative  Agent.  Inknown.  A liUcTuhlc- \ irus,  perhaps  a /-r/?- 
lospira. 

Source  of  Infection.  'Die  1)100(1  of  the  patient  during  the  first  24 
hours  ol  the  illness. 

Mode  of  Transmission,  d'he  blood  is  withdrawn  and  infection 
transmitted  to  another  ])erson  through  the  bite  of  a moth  midge, 
Phlchotomiis  papalasii  Sco])oli  ol  the  I'amily  Psvchodidae.  Other 
species  of  the  genus  can  also  carry  infection. 

Period  of  Incubation. — The  period  of  incubation  is  from  to  7 
days.  The  e.xtrinsic  period  of  incubation  is  from  7 to  10  days. 

Epidemiology.  I his  fever  is  i)robably  rather  wide  .spread,  in 
coastal  areas  in  tropical  and  sub-tropical  regions  of  both  hemi.spheres. 
It  has  been  studied  in  the  Balkan  .States,  also  rei)orted  from  Haiti, 
India,  Malta  etc.  It  is  a disease  of  the  late  s])ring  and  summer. 
One  attack  produces  an  immunity,  but  reia])ses  may  occur.  It  is 
rarely  fatal.  It  is  not  unlikely  that  the  lly  may  tran.smit  infection 
to  her  offs])ring. 

PhlchotomHs  papalasii.  - This  dipteron  is  a hair}'  little  insect 
about  1 12  inch  in  length.  Its  small  size  enables  it  to  pass  through 
a very  tine  mesh.  It  is  a ^•icious  biter.  Only  the  females  bite,  and 
that  alter  sundown  and  principally  in  the  house.  It  avoids  wind  and 
bright  daylight.  During  the  day  the  midges  rest  in  cool,  dark  places, 
m houses,  hollows  of  trees,  in  latrines,  etc.  A full  meal  of  blood  is 
taken  altei  lertilization,  and  then  the  eggs  are  laid  in  damj)  places,  in 
cracks  in  bricks,  rocks,  stones,  in  caves,  etc.  The  egg  takes  from  4 
to  14  days  to  hatch,  according  to  the  temiierature.  Thi‘  larvae  are 
attached  to  the  surface  on  which  they  live.  'Fhe  larval  stage  lasts 
from  8 to  28  days. 

Recognition  of  the  Disease,  d'he  disease  resembles  very  closely 
dengu(“  level  e.vcept  that  the  le\'er  only  lasts  about  three  davs  and 
there  is  no  secondary  ri.se.  The  puls(‘  is  .slow  and  ther(>  is  no  eruption. 
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Lcucopenia  is  present.  Other  fevers  have  been  described  as  seven 
day  fever,  six  day  fever,  and  it  is  very  likely  that  these  are  dengue 
fevers  where  the  fever  is  continuous. 

Methods  of  Control.  The  i)atient  must  be  screened  the  first  two 
days  of  the  disease.  The  mesh  must  be  very  small  (45  meshes  to 
inch)  as  it  is  very  difficult  to  keep  the  moth  midge  out. 

Abolish  the  breeding  places,  by  leveling,  filling  and  tamping; 
removal  of  moist  debris;  permitting  access  of  sunlight;  painting 
crevices;  whitewashing,  painting,  tarring  etc.;  cutting  weeds  so  that 
holes  may  be  filled  and  sheltered  hiding  places  abolished. 
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TRYPANOSOMIASIS 


Causative  Agents.  rhere  are  a nunil)er  of  different  species  of 
J rypanosomes  allectiiig  animals  l)ut  so  far  only  three  have  l)een 
delinitely  identilied  witli  disease  in  man  namely,  I'rypiiJiosoina 
(^avihien.sc  and  7 ry paiiosoma  rhodcsicusc , causing  African  Slcei)ing 
Sickness,  and  Scdiizotry panum  cnizi  which  is  the  cause  of  South 
American  'rrypanosomiasis. 

Trypanosomes  altecting  lower  aniinals  are  as  follows: 

1 . cvansi  causing  “surra”  in  horses  and  mules  in  India,  Philippine 
Islands  etc. 

7 . hnicei  causing  “nagana’’  in  horses,  mules,  dogs  and  cattle  in 


Central  and  South  Africa. 

7 . eqninum  causing  ‘Anal  de  caderas”  in  dogs  and  horses  in 
South  America. 

7 . eqni perdum  causing  “Dourine”  a disease  of  horses  contracted 
through  coitus  and  seen  in  India,  X'orth  Africa,  and  at  times  in 
Kuroj)e  and  Xorth  America. 

7 . Ic'd'isi  of  rats  which  ai)parently  produces  no  ill  effects  on  its 
host. 

I hese  I rypanosomes  are  probably  carried  by  non-biting  llies 
which  may  dcj)osit  1 ry])anosomcs  on  sores,  and  by  biting  llies 
such  as  Glossinae,  Stomoxys,  and  Tabanidae.  T.  leivisi  is  trans- 
mitted by  the  rat  Ilea  and  perhai)s  the  louse.  Whether  all  of  the 
above  Trypanosomes  of  lower  animals  are  distinct  species  is  doubtful. 
A few  cases  of  infection  of  man  from  some  of  these  "Try])anosomes 
have  been  reported. 


AFRICAN  SLEEPING  SICKNESS 

Causative  Agent.  Trypiuiosoma  gamhiensc  and  Trypanosoma 
rhodcsiensc. 

Method  of  Transmission.-  The  ])arasites  are  carried  from  the 
sick  to  the  well  by  certain  biting  Muscoidean  llies,  the  'Tsetse  llies, 
comj)rising  the  genus  Glossiiia.  'Two  sj)ecies  of  Glossinae 
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involwMl,  (ll()ssi)ia  palpalis  curryinjf  7'.  j^aniliioisc,  and  Glossiiui  morsi- 
taiis  carrvinij:  T.  rhodcsicusc.  Other  members  of  the  genus  do  not 
earrv  the  disease,  d'he  lly  is  the  definitive  liost  and  man  is  the 
intermediate  host.  'Idle  disease  is  transmitted  by  the  Hy  mechanic- 
ally or  cyclically. 

Source  of  Infection.  'Fhe  causative  agent  is  found  in  the  blood, 
in  the  enlarged  lymjihatic  glands  and,  in  later  stages  of  the  disease, 
in  the  cerebro-sjiinal  iluid.  It  is  taken  from  the  blood  by  the  fly  at 
the  time  of  biting.  It  must  be  kept  in  mind  that  certain  of  the 
large  wild  animals  of  the  locality  and  cattle  may  also  act  as  reservoirs 
of  infection. 

Period  of  Communicability.-  As  long  as  there  are  trypanosomes 
in  the  peripheral  blood  and  a sufficient  number  of  insect  hosts  in  the 
locality. 

Period  of  Incubation.-  Ten  to  twenty-one  days. 

Epidemiology.  Sleeping  sickness  is  found  only  in  certain  parts 
of  Africa  never  in  districts  where  the  tsetse  lly  is  not  found.  On 
the  other  hand  there  are  districts  in  Africa  where  the  lly  is  found 
but  the  disease  is  absent.  In  such  districts  the  introduction  of  a 
case  of  the  disease  would  probably  result  in  its  spread.  A tsetse  fly 
has  been  found  in  Arabia  but  the  disease  has  never  been  reported 
from  that  country.  Cases  have  been  introduced  into  the  West 
Indies  and  rarely  a case  is  imported  into  the  United  States  but 
secondary  cases  never  occur  because  the  insect  host  is  not  present. 

On  the  West  Coast  of  Africa  where  the  disease  has  been  present 
for  many  years,  though  endemic  it  does  not  become  epidemic.  I his 
suggests  that  long  exposure  to  the  infection  among  a people 
produces  a certain  degree  of  immunity. 

All  ages  and  both  sexes  are  susceptible. 

'I’he  t.setse  fly  does  not  fly  far  from  its  breeding  jilaces  which  are  in 
the  jungles  bordering  streams.  It  has  been  estimated  that  the 
flight  distance  is  not  more  than  80  yards  but  they  may  be  transported 
much  further  by  boats  and  other  vehicles  or  on  animals.  1 hey 
subsist  on  the  blood  of  warm  blooded  animals  (perhajis  the  crocodile 
as  well)  and  bite  in  the  day  time  j^rincipally  around  mid-day.  The 
larva  is  carried  in  the  abdomen  of  the  female  until  it  is  nearly  read\ 
to  pui)ate  when  it  is  extruded  and  in  a short  time  finds  its  way  into 
the  ground  about  the  roots  ol  trees  to  enter  the  pupal  stage,  which 
lasts  about  one  month.  A second  larva  may  be  produced  in  about 
two  weeks. 
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rht.'  discast'  may  be  transmitUal  cilhcr  diri'cL  (mechanically) 
when  at  the  time  of  hitimj:  the  lly  is  harhoriny  trypanosomes  on  or 
in  its  ])rol)oscis,  as  would  he  the  case  when  it  had  just  bitten  an 
infei'ted  indi\idual.  It  is  \wry  persistemt  in  its  efforts  to  secure  a 
full  meal  of  blood,  bitiny  |>erson  aftc'r  pc'rson  if  disturbed,  until  it  is 
re])lete.  I'lu'  disease  may  also  b(‘  transmitted  cyclically  i.e.  after  a 
chanye  lias  ot'currc'il  in  the  try|)anosomes  and  they  ha\’e  iinaided 
the  salix'ary  ylands.  Hrielly  the  chaiyyes  that  take  place  consist 
of  a multiplication  by  division  in  the  stomach  of  the  tl\'  and  the 
develoiiment  into  lonij;  highly  motile  bodies  which  in  12  to  20  days 
lind  their  way  into  the  sali\ary  glands  where  in  2 to  5 days  the\' 
undergo  fission  forming  what  appears  to  be  minute  trypanosomes. 
High  atmos])heric  temjierature  hastens,  low  temperatures  retard 
development  The  extrinsic  jieriod  of  incubation  under  faxorable 
conditions  is  from  about  20  to  24  days. 

Recognition  of  the  Disease.  'I'liree  stages  of  the  disease  may  be 
recognized. 

In  the  first  stage  the  patient  is  apparently  well  or  only  slightly 
sick  with  light  intermittent  fever,  some  muscular  weakness  and 
increase  in  jiulse  and  resjiiration  rate  after  slight  exertion.  'I'here 
are  no  mental  symptoms.  Enlargement  of  the  superficial  ceiwical 
lymph  glands  can  be  detected  and  try|)anosomes  can  be  demonstrated 
in  the  blood  drawn  from  these  glands  and  usually  from  the  perijiheral 
circulation. 

In  the  second  stage  the  symptoms  mentioned  above  become  more 
pronounced  and  mental  disturbances  begin  to  manifest  themselves. 
I rypanosomes  are  jiresent  in  larger  numbers. 

In  the  third  stage  mental  symptoms  are  pronounced.  'I'here  are 
mental  dullness,  apathy,  hesitancy  of  s])eech,  lack  of  interest  in 
surroundings,  tremors  ol  hands  and  tongue  and  finally  coma  and 
death.  In  this  stage  trypanosomes  are  also  found  in  the  cerebro- 
spinal Iluid. 

Methods  of  Control.  The  following  have  been  attempted  or 
advised. 

Location  ot  camps  away  from  streams  or  e\'en  the  removal  of 
whole  \-illages  to  locations  unsuitable  to  the  jiropogation  of  the 
tsetse  lly. 

I’ersonal  protection  against  the  bill'  of  the  lly  es])ecially  during 
the  day. 
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C'leanin<i:  out  undcrlirush  and  low-lying  branches  at  the  location 
of  fords,  wharves,  villages,  washing  jilaces  and  sources  of  drinking 
water  etc. 

Isolation  of  infected  individuals,  protecting  them  from  the  bite 
of  the  fly  and  treating  them  with  atoxyl-tartar  emetic. 

Prevention  of  the  migration  of  infected  persons  to  non-infected 
regions  wdiere  the  tsetse  lly  is  present,  d'he  enlarged  cervical  glands 
and  the  detection  of  the  parasites  in  blood  aspirated  from  these 
glands  are  practical  points  in  the  diagnosis  when  attempting  to 
restrict  immigration. 


SOUTH  AMERICAN  TRYPANOSOMIASIS 

South  American  Trypanosomiasis  is  caused  by  the  Schizotry- 
panum  critzi  wdiich  is  transmitted  by  a bug,  Conorhinus  megistus,  a 
winged  form  of  the  Order  Hemijitera.  This  insect  lives  in  inhabited 
houses  and  is  a vicious  liiter,  biting  especially  on  the  face.  Children 
are  most  frecjuently  bitten  and  are  therefore  most  liable  to  contract 
the  disease. 

The  disease  may  be  acute  or  chronic.  The  acute  disease  develops 
with  fever,  first  continuous,  with  not  more  than  the  usual  morning 
fall  and  evening  rise  and  is  accompanied  by  oedema  of  the  face. 
It  finally  becomes  remittent  with  periodic  intervals.  During  the 
fever  trypanosomes  can  be  found  in  the  perijiheral  blood.  There  is 
enlargement  of  the  thyroid  and  cervical  lymphatic  glands,  spleen 
and  liver.  Transient  oedemas  may  appear.  Death  may  ensue  or 
the  disease  may  assume  the  chronic  form  which  in  type  may  be  niyx- 
oedematous,  pseudomyxoedematous,  cardiac  or  nervous.  South 
American  Trypanosomiasis  is  associated  with  a high  case  fatality 
rate. 
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TULARAEMIA 

( Doer  Fly  Fever) 

Causative  Agent.  Jiiulc/'iuDi  tithwoisc^  a small  noii-motile,  gram 
negative  micro-organism,  occurring  in  the  rod  and  coccus  forms, 
stains  readily  with  aniline  gentian  c'iolet,  dillicult  to  stain  in  tissues. 

Source  of  Infection.  ^Material  Irom  the  gland  of  tlie  infected 
person  or  the  blood  of  the  infected  animal.  The  urine  and  nasal 
secretions  may  also  ])roduce  the  disease.  In  Utah,  the  jack-rabbit 
is. probably  the  important  reser\’oir  of  the  intection  in  nature.  The 
injection  is  also  i)resent  among  the  ground  squirrels  of  California 
{Citcllus  bcechyi)  and  the  lesions  produced  are  cpiite  similar  to 
plague.  It  is  jirobable  that  the  disease  in  rabbits  has  a wide  distri- 
bution in  the  United  States. 

Method  of  Transmission,  ddie  disease  is  transmitted  to  man  by 
the  bite  of  a horse  tly,  iChrysops  discalis,  one  of  the  so-called  deer 
flies)  which  has  previously  bitten  an  infected  animal.  Those 
butchering  or  dissecting  infected  animals  may  also  develop  the 
disease.  In  fact,  the  causatiw  agent  seems  to  be  capable  of  jiassing 
through  the  unabraded  skin. 

Period  of  Communicability.-  As  long  as  the  causative  micro- 
organism e.xists  in  the  peripheral  blood  ot  the  animal  reser\-oir.  It  is 
rare  to  recover  the  causative  agent  from  the  peiapheral  blood  of  a 
human  case.  It  may  remain  in  the  arthroi)()d  host  for  long  jieriods. 

Period  of  Incubation.  Within  forty-eight  hours. 

Epidemiology.  The  micro-organism  was  lirst  described  in  1911 
by  Mc(  oy  and  Chapin  who  recovered  it  from  ground  scjuirrels 
{Lilellus  bcccheyi)  in  California,  which  were  affected  with  a plague- 
hke  disea.se.  Wherry  in  1913,  ,9,4,  and  191O  described  three  cases 
ol  infection  in  man  in  ('incinnati,  Ohio.  All  had  ulcerative  conjunc- 
tivitis, enlarged  glands  of  the  neck,  and  general  svmploms.  One 
was  a butcher,  one  was  the  wife  of  a farmm-,  who  had  handled  wild 
rabbit  meat,  and  the  Bacterium  tularcnsc  was  recovered  from  rabbits 
lound  dead  on  a farm  four  miles  distant  from  the  farmer’s  rccsidence. 
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l lu'  third  oust'  \v;is  in  n domestic  wlio  two  duys  before  luid  |)rej)circ(l 
wild  rabbits  for  the  tal)le.  The  disease  has  also  been  reported  in 
Washington  I).  ('.  amon^  market  men  who  handle  wild  rabbits. 

d'he  lly-borne  disease,  d'ularaemia,*  seems  to  be  confined  to  a 
section  of  the  United  States  corresjionding  to  the  distribution  of 
the  flv,  especially  Utah  and  Idaho.  Like  plapme,  it  is  ])rimarily  a 
disease  of  rodents,  man  beinti;  infected  by  accident.  Jack  rabbits 
are  the  reservoirs  of  infection  in  Utah  although  the  disease  may  also 
affect  the  ground  sciuirrels  (Cilcllus  mollis)  of  the  locality  and 
perhaps  other  rodents.  It  is  not  unlikely  that  the  disease  is  sprearl 
from  rabbit  to  rabbit  by  means  of  the  rabbit  tick  (Ilacmaphysahs 
Icporis-paliistris)  and  the  rablnt  louse  (llacmodi psiis  vcnlricosus)  as 
laboratory  e.xperiments  show  that  infection  may  readily  occur  in 
this  way.  It  is  also  present  in  nature  in  the  Rocky  Mountain 


spotted  fever  tick  of  the  Bitter  Root  \ alley. 

The  longest  time  which  elai)sed  between  the  time  of  biting  an 
infected  animal  by  the  horse  fly  and  subsequent  development  of  the 
disease  in  healthy  animals  after  being  bitten  by  the  same  flies 
was  4 days,  although  by  inoculating  the  body  of  the  infected  flies 
they  were  found  to  be  infective  up  to  14  days.  The  longer  they  were 
kept  the  less  tendency  they  showed  to  be  infective.  I he  process 
of  transference  of  infection  is  probably  mechanical. 

The  disease  may  affect  all  ages  and  both  sexes,  but  particularly 
attacks  those  working  in  the  fields.  The  seasonal  prevalence  cor- 
responds to  the  seasonal  i)revalence  of  the  fly,  June,  July  and  until 
late  in  August.  The  fly  bites  on  the  e.xposed  surfaces  of  the  body. 

In  the  laboratory,  successful  transmission  experiments  ha\e  been 
carried  out  with  the  horse  fly  (Chrysops  discalis)  the  stable  fly  iSlo- 
moxvs  calcitnins)  the  rabbit  louse  [llacmodi psiis  vcntricosus)  the 
mouse  louse  (Folyplax  serratus)  the  ground  squirrel  flea  [Ccrato- 
p/ivlliis  aculus)  the  bed  bug  {Cimex  Icclidarius)  and  the  tick 
(Dcrmacoilor  andersoni). 

Recognition  of  the  Disease.  The  site  of  the  bite  can  usually  be 
observed  as  an  ulcer.  'I'he  adjacent  glands  are  practically  always 
swollen  and  tender  and  usually  suppurate. 

'I'he  disease  comes  on  suddenly  and  is  very  disabling,  often  caus- 
ing two  or  three  months  of  sickness.  I here  are  fevei,  ])ains,  and 

name  was  given  lo  Ihe  disease  by  Surgeon  f.dward  Frauds.  U.  S.  Public 
lle  illh  Service  He  was  the  first  to  recognize  the  condition  as  being  a manifesta- 
tion of  ^Hadn-i,n„  luhurn.sc  infection  in  man,  and  to  study  thoroughly  its  etiology 

and  ejiidemiology. 
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j^rcat  (k'hilily.  I he  mortality  low.  l)iayiio.sis  can  ho  made 
readily  hy  inoeulatiny  infective  material  taken  from  the  enlary^-d 
ylands  ot  tlie  |)atient  into  ,yiiinea  pis^.s  or  rabbits  sid)eutaneousl\'  in 
the  reyion  of  the  abdomen  and  subse<iuent  recovery  of  the  micro- 
oiy.imb'in  liom  animals  which  usualU’  dic“  within  a week  showin**' 
hemoi  I hayii  oi'dema  at  the  site  ol  inoculation,  enlarged  lym])h 
ylands  ol  the  yroin  underyoiny  yranular  caseation  and  great  numl)ers 
of  small  necrotit'  foci  in  the  sj)leen  and  li\  er. 

I'he  best  mediums  for  original  isolation  of  the  micro-organism 
tro7ii  animals  aie:  serum-glucosc-cystinc-agar  or  coagidated  egg 
>-olk,  glucose-blood-agar,  or  serum-glucose-agar.  To  both  of  the 
latter  should  be  added  a good  sized  piece  of  the  spleen  of  the  infected 
animal,  thus  inoculating  and  enriching  at  the  same  time. 

1 he  blotxl  ot  the  patient  will  gi\’e  a ])ositive  agglutination 
reaction. 
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PLAGUE 


Forms  of  Plague.  Three  clinical  forms  of  plague  have  been 
described,  bubonic,  septicaemic,  and  pneumonic  plague.  The  first 
is  the  common  form  and  reveals  itself  by  the  formation  of  a charac- 
teristic bubo  in  one  of  the  glandular  regions.  It  is  primarily  a 
disease  of  rodents,  from  which  it  is  transmitted  to  man  by  a biting 
insect,  a flea.  Septicaemic  plague  is  that  form  which  develops  as  a 
septicaemia  from  the  very  beginning,  a primary  bubo  being  absent, 
or  the  patient  dying  early  before  the  characteristic  bubo  manifests 
itself.  This  form  of  the  disease  is  also  due  to  the  bite  of  an  infected 
flea.  It  is  not  unlikely  that  septicaemic  plague  is  frequently  a form 
of  bubonic  plague  in  which  the  bubo  has  been  overlooked,  but  may 


be  disclosed  at  autopsy.  Practically  every  case  of  bubonic  plague 
is  septicaemic  some  time  during  its  course.  However,  a form  of 
plague,  the  so-called  ambulant  plague,  has  been  noted,  in  which  the 
patient  is  only  mildly  ill  and  able  to  go  about.  Here  the  causative 
agent  is  probably  limited  to  the  glands.  Pneumonic  plague  is  that 
condition  in  which  there  is  primarily  a pneumonia  caused  by  the 
plague  bacillus.  It  is  spread  direct  from  man  to  man  as  in  the  case 
of  other  diseases  of  the  respiratory  type.  A secondary  plague  pneu- 
monia is  at  times  found  as  a complication  of  one  of  the  other  forms 
of  plague,  and  it  is  likely  that  under  suitable  conditions  this  may  be 
the  start  of  an  epidemic  of  primary  inieumonic  plague.  I'hese  condi- 
tions seem  to  bear  a close  relation  to  low  atmos])heric  temperature 
and  tightly  closed  oc'ercrowded  rooms  in  which  a high  degree  of 
relative  humidity  occurs. 

Causative  Agent.  Plague  is  caused  by  the  Bacillus  pestis,  a 
nonmotile,  gram-negative  bacillus  characteristically  staining  at  the 
poles  and  sometimes  taking  on  a coccoid  form  in  the  tissues.  Even 
the  coccoid  form  retains  the  tendency  to  polar  staining.  I he  micro- 
organism is  found  in  the  plague  pustule  when  that  is  present  and 
in  the  bubo  in  great  numbers,  in  the  blood,  spleen  and  livei  anil  in 


foci  of  infection  in  the  lungs. 
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Period  of  Communicability-  'I'lic  disrasc  i>  coiumunic  able  a> 
lont^  as  st'pl i( au'iiiia  I'xists  and  1 lu‘  suitable  insect  host  is  prcseiit. 

Method  of  Transmission,  bubonic  j)laii:ue  is  primarily  a disetisc 
ol  iodcnl>,  t om m only  lal.'^,  and  it  is  t ransmit  ted  I rom  rodent  to  rodent 
and  lioni  rodent  to  man  by  a lli-a  which  has  pre\'iousl\’  bitten  a 
>ei)tieaemic  plaitue  animal. 

Period  of  Incubation.  I he  period  ot  inc  ubation  is  iVom  two  to 
li\a‘  days,  usually  two  or  thrc'c  days. 

Epidemiology.  Plague  is  a di.seasc'  ol  great  anti(|uitv.  Many  of 
the  plagues  written  of  in  history  were  bubonic  plague,  notably  the 
one  which  spread  throughout  the  Roman  Empire  in  the  si.xth  century, 
and  the'  great  plagues  of  Kurojje  in  the  fourteenth,  fifteenth  and 
seyenteenth  centuries.  In  1665  it  was  estimated  that  in  l.ondon 
alone  bS.  sgO  jceople  died  of  plague.  In  more  recent  years  the  disease 
has  yisited  many  ]>arts  of  the  world,  including  the  United  States, 
Porto  Rico,  Philippine  Islands,  Hawaiian  Islands,  .Australia,  South 
Africa,  Peru,  Ixcuador  etc.  Ui)idemics  ol  bubonic’  plague  hax’e 
occurred  annually  in  India  and  China  during  the  j)ast  thirty  years, 
and  the  disease  is  common  in  Egypt,  Senegal  and  Uganda  in  Africa. 

I lague  is  introduced  into  a country  through  the  migratory  habits 
of  lats  resulting  in  their  being  trans])orted  from  j)lace  to  |)lace  b\' 
ships.  I his  means  that  j)ractically  eyery  port  of  entry  is  open  to  the 
danger  ot  the  introduction  of  ])lague  infection.  Rats  may  also  be 
carried  in  freight  trains.  Erom  shi|)s  they  land  by  way  of  cargoes, 
gangways  and  hawsers. 


h^pidemics  ot  bubonic  plague  are  accompanied  by  epizootics  among 
rodents.  (.)f  all  rodents,  the  rat  is  the  one  to  be  giyen  greatest  con- 
sideration from  the  stand])oint  of  preyention.  d'he  fact  that  an  epi- 
zootic in  rats  jireeedes  and  is  coincident  with  epidemic  plague  in  man 
has  been  obseryed  for  many  years,  but  it  was  not  until  a number  of 
years  after  \ ersm  discoyered  the  ])lague  t)acillus  in  icSc^g,  that  the 
true  relation  ol  the  disease  in  rats  to  the  disiaise  in  man  was  under- 
stood. I o account  for  the  transmission  of  the  disease  from  one  ani- 
mal to  another  the  insect  theory  was  adyanced,  and  in  recent  years 
the  british  Indian  Plague  Uommission,  as  well  as  other  investigators, 
have  proved  conclusively  that  the  Ilea  is  responsible.  Their  e.xperi- 
ments  w-ere  numerous  and  e.xtensive.  They  permitted  direct  con- 
tact ol  a plague  rat  with  a healthy  rat  in  the  absence  of  Ileas  and 
loiiml  Unit  the  healthy  rat  remained  well,  whereas  when  Ileas  were 
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introduced  the  lieulth}'  r;it  contracted  the  disease.  .V  sinfi;le  flea 
may  trans]nit  the  disease.  I he  C ommission  found  that  only  in  rare 
instances  did  a healthy  rat  contract  plague  hy  eating  the  carcass  of 
a plague  rat.  They  were  able  to  produce  i^lague  in  guinea-pigs  by 
permitting  them  to  live  in  houses  from  which  plague  cases  had  been 
taken,  but  they  were  able  to  prevent  infection  by  placing  the  animals 
in  cages  hung  above  the  jumjnng  distance  of  fleas  or  by  surrounding 
the  cage  with  sticky  fly  paper.  The  experiments  were  varied  in 
many  wavs.  Plague  bacilli  were  readily  demonstrated  in  the 
stomach  and  intestines  of  the  flea  after  biting  a septicaemic  plague 
rat,  as  well  as  in  the  fecal  discharges.  Inoculation  of  the  material 
into  rats  or  guinea-pigs  produced  i)lague. 

Ordinarily  the  introduction  of  a case  of  human  bubonic  plague 
into  a communitv  wovdd  lie,  in  itself,  of  little  moment,  although  small, 
self-limited  epidemics  of  the  disease  may  have  occurred  as  a result  of 
direct  transference  of  })lague  bacilli  from  man  to  man  b\  the  human 
flea  iPiilcx  irritans)  or  the  bedbug  {Cimex  hcmiplcnis  or  C.lectidanus). 
However,  this  is  more  or  less  a theory  and  at  any  rate  must  be  of  rare 
occurrence.  On  the  other  hand,  the  introduction  of  a rat  infected 
with  plague  might  be  a serious  matter.  Its  presence  would  be 
unknown  and  the  gravity  of  the  situation  would  not  be  realized  until 
the  infection  among  rodents  had  become  widespread  and  human 
cases  began  to  appear.  The  finding  of  human  bubonic  plague  indi- 
cates the  necessity  for  immediate  investigation  with  reference  to 
rat  infection. 

Other  rodents  which  are  known  to  be  concerned  with  the  spread 
of  plague  are,  the  ground  scpiirrel  of  California  {Citellus  heecheyi) 
and  the  Siberian  marmot  [ Arclomys  bohac).  I he  flea  concerned  is 
the  one  having  the  plague  animal  as  its  normal  host.  For  instance 
in  the  case  of  rats  it  is  either  Xenopsylla  clicopis,  the  common  rat  flea 
of  India  and  which  is  also  found  in  the  United  States,  or, 
fascidlus,  the  common  rat  flea  of  Europe,  also  more  or  less  prevalent 
in  the  United  States.  In  the  ca.se  of  the  California  ground  squirrel 
the  flea  concerned  is  either  lloplopsylliis  anomalus  or  Ccyatoplrylliis 
acuhis.  'Phe  flea  of  the  Siberian  marmot  is  Ccralophyllus  silvanticn. 

d'he  incidence  of  bubonic  plague  shows  a marked  seasonal  varia- 
tion depending  upon  climatic  conditions.  A moist  atmosphere  at  a 
temperature  of  approximately  70  degrees  F.  is  most  favorable  to  the 
production  of  an  epidemic.  Cold  winters  and  hot  dry  summers  are 
unfavorable.  This  is  because  atmospheric  temperature  and 
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humidity,  especially  the  latter,  hax'e  an  important  hearin,!^^  on  ilea 
hreedintj;  and  Ilea  longe\ily.  F,|)idemi(  jjlague  attains  its  greatest 
])i oj)ort ions  when  rat  Ileas  are  most  pri‘\alenl  ia\  when  breeding  has 
betm  most  active  and  when  Ileas  can  survive  longest  after  their 
normal  host  (the  rat)  has  succumbed  to  the  disease. 

When  atmospheric  conditions  are  favorable  Ileas  can  live  for 
( mnsiderable  ])eriods  of  time  even  unfed  but  Hacot  and  .Martin  have 
shown  that  the  survival  of  A',  chcopis  apart  from  its  host  is  in  inverse 
I>roportion  to  the  saturation  deficiency  of  the  air  or,  in  other  words,  it 
is  proportional  to  the  rate  at  which  the  Ilea  looses  moisture.  It  lias 
iilso  been  ^hown  that  egg  laying  and  the  develo])ment  from  egg  to 
adult  are  most  active  when  the  weather  is  wet  and  the  temj)eraUire 
moderate  and  least  active  under  dry  and  hot  conditions. 

It  is  reported  from  India  that  in  Helgaum  plague  can  onlv  assume 
epidemic  proiiortions  in  the  latter  half  of  the  year,  July  to  Xovember, 
and  at  this  jieriod  rat  Ileas  are  most  prevalent  averaging  in  July, 
August  anti  September  18  Ileas  jier  rat,  while  in  non-epidemic  seasons 
the  average  is  only  4 or  5 jier  rat. 


Hacot  states  that  to  induce  ova  of  A',  chcopis  to  hatch,  a temjiera- 
ture  of  over  60  degrees  F.  seems  to  be  necessary  while  C.  fasciatns 
can  hatch  at  an  average  temjierature  of  41  degrees  F.  The  larvae  of 
A.  chcopis  cannot  survive  below  40  degrees  F.  while  finds 

this  temperature  quite  suited  to  its  needs.  In  its  reactions  to  tem- 
perature eggs  and  larvae  of  P.  irrikins  resemble  more  closely  A. 
chcopis.  F.xperiments  with  the  pupal  stage  gave  results  similar  to 
the  larvae.  Hacot  further  states  that  at  45  to  50  degrees  F.  with 
nearly  saturated  air  fleas  can  lic’e  for  many  days  unfed  A',  chcopis, 
38  (\-dyi\  C . fasciatns,  95  days;  P.  irritans,  125  days;  Ct.  caiiis,  ^8 
(lays.  Kept  in  the  ice-bo.x  and  fed  on  the  normarhost  Ah  chcopis 
lived  100  days;  C . fasciatns,  106  days;  P.  irritans,  513  days  and  Ct. 

<anis,  234  days,  f nder  natural  conditions  thev  would  probablv 
live  longer. 


^ Hacot  also  states  that  A',  chcopis  has  the  habit  of  spending  more 

time  on  the  rat  than  in  the  rat’s  nest  while  the  reverse  is  true  of 
c .Jasciatns. 

I he  seasonal  prevalence  of  bubonic  jilague  is  naturally  not  the 
same  m all  countries  for,  as  has  been  said  before,  it  isdepem'lent  uiion 
climatic  conditions.  For  instance,  in  certain  parts  of  India  plague  is 
iiiost  prevalent  in  the  first  half  of  the  year,  the  epidemic  reaching 
Its  height  in  the  early  Sjiring,  in  other  parts  of  India  the  epidemic 
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roaches  its  peak  in  the  I'all  months,  in  Ki^ypl  the  ttrealosl  number  of 
cases  occurs  during  tlie  Sj)ring  months;  in  those  parts  ol  the  United 


States  and  Ungland  which  have  been  visited  by  l)ubonic  plague, 


cases  in  man  hegin  in  the  late  s])ring  or  early  summer  and  attain 
their  greatest  numbers  in  the  late  Summer  or  Iddl  months,  'bhere 
are  parts  of  the  world  where  climatic  conditions  are  lavorable  to  the 
spread  of  plague  during  any  month  ol  the  year,  and  there  are  jjarts 
of  the  world,  as  lor  instance  the  North  .\t  Ian  tic  seacoast  of  the 
United  States,  which,  so  far  as  known,  have  never  been  \'isited  by 
plague  and  where  the  disease  might  not  be  able  to  survive  lor  any 
length  of  time  even  though  introduced.  Robertsoir  suggests  that 
atmospheric  humidity  and  tcm])erature  are  such  that  the  Ilea  popula- 
tion is  reduced  to  a safe  minimum  during  a larger  ]iart  ol  the  year. 

"Fhere  are  parts  of  India  which  have  never  e.xperienced  an  epi- 
demic of  plague  not-with-standing  they  are  near  to  and  have  free 
communication  with  regions  where  ]:)lague  is  jirevalent.  Rats  are 
present,  rat  fleas  are  lu'esent  and  climatic  conditions  are  favorabh' 
during  some  part  of  the  year.  Major  Cragg  has  shown  that  the  rat 
Ilea  which  ])redominates  in  these  areas  is  Xoiopsylla  aslia  or  A. 
hrasiliensis  and  not  A',  cheopis  although  the  latter  is  present  in 
smaller  numbers.  Dilferences  in  habits  of  A . uslici  ma\  account 
for  the  absence  of  plague.  A',  astia  is  the  predominating  rat  flea  in 
('olombo  which  is  remarkably  free  of  plague.  It  is  possible  that  A. 


cheopis  is  the  true  plague  flea  and  that  while  other  rat  Ileas  ma\ 
carry  plague  under  e.x])erimental  conditions  they  do  not  usually  <lo 
so  in  nature. 

It  is  not  always  i)ossible  to  trace  with  certainty  the  source  ol 
infection  in  every  human  case.  A case  may  develop  in  a house  which 
so  far  as  known  may  be  free  from  rats  and  which  may  have  no  known 
relation  to  a plague  focus.  Epidemiological  study  must  include  not 
only  an  iinestigation  ol  conditions  on  the  premises  where  the  case 
(levelo])S  but  also  conditions  at  the  place  of  work,  or  the  place  where 
the  ])atient  eats,  plays  or  visits.  'I'he  guinea  ])ig  control  may  enable 
one  to  trace  the  source  of  infection,  even  though  a search  on  the 
jiremises  for  infected  rats  has  not  been  successlul. 

d'oo  much  stress  must  not  be  laid  ujion  the  possibility  ol  cat  lying 
plague  ileas  in  clothing  as  a factor  to  account  for  the  development  of 
human  iilague,  for  it  is  probably  an  unusual  way.  When  infected 
Ileas  are  carried  they  are  usually  transported  on  the  body  ol  the  rat 


during  it; 


wanderings  from  place  to  jilace. 


It  is  not  necessary  to 


iU'-suim-  lh;i l r;i t>  ;il\va_\  s lra\  rl  on  looi . .Ma n\  1 inu'>  1 lu  \'  am  c ai  rin  I 
in  incrchandiso  or  in  freight  cars  and  escape  witli  their  llc-as  u|)on 
reac  liing  the'  point  ol  destination.  I'his  explains  whv  plagm-  ina\ 
a|)])ear  in  a town  lar  reinovc'd  Ironi  the*  original  focus  of  infection,  the 
intc-rvening  towns  having  escapc-cl.  In  rural  districts  rats  oftcai 
occui)y  nests  ol  other  animals  such  as  the  rabbit,  s(|uirrel,  or 
lield  rat.  I hc're  is  then  a transter  ol  Ileas  bc-tweem  dillerent  rodents 
and  thus  the  possibility  ol  translerring  infection  to  the  rodents 
common  to  rural  districts.  1 his  has  been  the  case  with  regard 
to  till'  ground  scpiirrcd  ol  ( alilornia  and  accountc'd  lor  the  linding 
of  infected  wild  rabl)its  in  Ihigland  and  held  rodents  in  South  Africa. 

Plague  attacks  all  ages  and  both  sexes.  It  is  more  liable*  to 
attack  tliose  whose  habits  of  lix'ing  ancl  occupation  bring  thc'm 
in  more  or  less  direct  contact  with  rats,  such  as  c rews  ol  ships,  ste\  e- 
dores,  clock  laborers,  stablemen,  warehouse  men,  etc.  or  those  who 
permit  their  houses  to  become  rat  infested.  In  ports  the  highest 
incidence  is  likely  to  occur  in  the  vicinity  of  the  water  front  and 
along  or  near  water  ways.  It  is  not  necessarily  confined  to  such 
areas  however,  because  through  their  migratory  habits,  rats  may 
cany  it  to  many  jiarts  of  the  cit\'  and  into  the  country  districts. 

Where  the  black  rat  is  })resent,  it  is  the  greatest  menace.  It  is  a 
climbei  and  inhabits  the  upper  parts  of  a dwelling  thus  coming  into 
closer  contact  with  the  occupants.  I he  gray  rat  is  a burrower  and 
prefers  the  lower  floor,  the  cellar,  or  outside  of  the  house. 

Plague  cjrganisms  taken  into  the  stomach  of  the  flea  undergo 
multiplication  but  do  not  penetrate  the  stomach  walls  and  therefore 
do  not  gain  access  to  the  body  caxdty,  salivary  glands  or  re[)roducti\'c 
organs.  Ibex  aie  therefore  not  transmitted  to  the  second  genera- 
tion nor  are  plague  bacilli  passed  out  in  the  salix  ary  juices.  'Phe  Ilea 
'gradually  rids  itself  of  plague  liacilli  through  the  [leristalic  mo\-e- 
ment  of  the  stomach  and  intestines.  Chick  and  Martin  have  shown 
that  at  times  the  gizzard  becomes  so  packed  with  plague  bacilli 
that  the  minute  chilinous  teeth  are  clogged  and  prevented  from  clo.s- 
ing  thus  leaxing  an  opening  from  the  stomach  to  the  oesophagus, 
jilague  bacilli  then  dex’eloj)  in  the  oesophagus,  regurgitation  readily 
lakes  place*  and  the  microorganisms  pass  into  the  wound  made  al 
the  time  of  biting.  Thv  fact  that  the  gizzard  is  choked  with  bacilli 
interh*res  with  the  passage*  ol  blooel  into  the*  slomae  h ;ind  fee |u ires  a 
Ilea  to  bite*  e)lte*ner  in  its  cii()rt>  lo  nret  nourishme*nt . The*  proe  ess  of 
infection  is  jiure'ly  mec-hanie  ;d  anel  not  bioloaie  al  as  in  the*  eaise*  of 
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infection  willi  malarial  parasites  tlirough  the  agency  of  a mosquito. 
I'lcas  may  remain  infective  for  15  days  or  even  more,  perhaps  for 
45  (lays  without  feeding  on  blood.  An  older  theory  to  explain  the 
method  of  inoculation  took  into  consideration  the  fact  that  the  con- 
tents of  the  rectum  and  therefore  the  exi)elled  feces  contained  many 
virulent  i)lague  bacilli  and  that  like  other  parasitic  insects  the  act 
of  biting  was  often  accompanied  by  the  act  of  defecation.  It  was 
therefore  assumed  that  infective  fecal  matter  deposited  near  the 
bite  was  afterwards  rubbed  in  by  scratching.  Xo  doubt  infection 
does  occur  in  this  way  as  well  as  by  the  other  method. 

For  some  time  it  was  doubted  that  rat  tleas  would  actually  bite 
man  but  it  has  since  been  proven  by  a number  of  observers  that  both 
A'.  cJicopis  and  C.  J'ascialus  will  readily  feed  on  man’s  blood.  Lep- 
topsylla  musciili  will  occasionally  bite.  Both  species  of  fleas  of  the 
California  ground  scjuirrel  as  well  as  the  flea  of  the  Siberian  marmot 
have  been  shown  to  bite  man.  Clenophthalmus  agyrles,  a flea  of  the 
field  mouse  which  was  taken  during  a flea  survey  from  rats  trapped  in 
the  country  districts  of  England,  was  found  not  to  bite  man.  It  has 
been  known  for  years  that  not  only  the  human  flea  but  the  cat,  dog 
and  rabbit  flea  bite  man. 

Recognition  of  the  Disease.-  d'he  disease  develops  suddenly  with 
a rapid  rise  of  temperature,  reaching  103  or  104  degrees  F.  in  two  or 
three  days,  after  which  it  is  more  or  less  irregular.  There  is  head- 
ache; the  eves  are  injected  and  the  lacies  are  characteristic  of  e.xtreme 
illness.  Prostration  is  profound  and  comes  on  early.  Delirium  also 
appears  early.  The  characteristic  lesion  ol  the  disease,  the  bubo, 
usually  is  suflicientlv  pronounced  by  the  second  day  to  be  readily 
detected.  'Fhe  most  common  site  for  the  bubo  is  the  lemoral  or 
inguino-femoral  region,  then  the  axillary  region,  cervical,  iliac 
and  po})liteal.  Over  the  enlarged  glands  oedema  appears  and 
pressure  elicits  great  tenderness.  I he  individual  hmiph  nodes  can- 
not be  i)alpated.  'khis  swelling  forms  the  primary  bubo.  Secondary 
buboes  may  appear  in  other  ])arls  ol  the  bod}'.  In  th.ese,  the  glands 
are  not  matted  together  as  in  the  i)rimary  bubo.  Four  forms  ol  skin 
eruption  ma\'  be  described  a petechial  eruption,  ecch}'mose>, 
a subsulicular  mottling,  and  the  so-called  plague  jnistule.  I he  pete- 
chial eruption  is  not  olten  seen.  I he  petechiac'  are  u^uall}  sc.itteied, 
and  with  regard  to  location  and  numbers  arc  not  characteristic  as  in 
the  case  of  ty])hus  fever,  hicchymotic  areas  may  be  present  and  just 
before  death  there  is  a subcuticular  mottling,  somewhat  resembling 


cadawric  lixidity,  but  not  ci)nliiu'(l  to  the  dcpeiiduiU  |)()rli()ns  of  thc‘ 
body.  Tt  is  due  to  tlie  iulcnse  toxemia  whieli  produces  ehaiiyfes 
in  tile  blood  and  in  the  walls  of  the  smaller  capillaries.  An  interest- 
ing lesion  is  the  so-called  plague  |)ustule,  a bullous-like  formation 
containing  thin,  turbid  material  teeming  with  i)lague  bacilli.  It  is 
beliex’cd  to  indicate  the  original  i)oint  of  inotulat ion,  the  Ilea  bite, 
h'.xtending  from  this  to  the  nearest  lymphatic  glands,  faint  red  lines 
indicating  lymphangitis,  may  be  obserc’ed.  secondary  pneumonia 
due  to  the  deposit  ot  plague  bacilli  in  the  pulmonary  tissues  may 
occur.  In  about  a week,  if  the  j^atient  survives,  the  bubo  breaks 
d(nvn  lean  ing  an  ulcer  which  heals  slowly.  The  post  mortem  picture 
is  \ erv  striking.  .\ll  glandular  regions  should  be  laid  open  to  disclose 
buboes.  These  have  been  described  as  primary  and  secondarv. 

I he  latter  are  divided  into  buboes  of  the  first  and  second  order,  ddie 
primary  bubo  is  tyj)ical.  It  consists  of  a hemorrhagic,  necrotic 
mass  of  lymphatic  glands  matted  together  and  surrounded  by  a 
serosanguineous  exiulate.  A serogelatinous  exudate,  which  mav  be 
found  extending  from  the  glands  along  the  lines  of  the  intermuscular 
fascia  is  very  characteristic.  A secondary  bubo  of  the  first  order 
^•ery  closely  resembles  a primary  bubo.  It  is  located  in  the  set  of 
glands  adjoining  the  primary  bubo  and  results  from  extension  of 
the  inflammatory  jirocess  by  contiguity.  A secondary  bubo  of  the 
second  order  is  one  located  in  a glandular  region  far  removed  from 
the  primary  bubo.  In  these  the  glands  are  distinct,  firm,  and  hyjiere- 
mic  on  section.  Many  glands  of  the  body  will  show  this  reaction. 
The  spleen  is  enlarged  and  firm,  although  the  pulp  is  congested  and 
friable.  The  other  organs  show  the  effects  of  a virulent  toxemia; 
petechial  hemorrhages  on  the  serous  surfaces,  cloudy  swelling  of  the 
kidne\  s and  heart  muscle  and  a congested  liver.  Xecrotic  loci  may 
be  lound  in  internal  organs.  I he  lungs  are  congested  and  ma\' 
show  areas  of  jilague  [ineumonia. 

In  su.s])ected  cases  it  must  be  borne  in  mind  that  the  laboratorv 
furnishes  a ready  means  of  making  an  early  diagnosis.  It  is  an 
easy  matter  to  recover  {flague  bacilli  from  material  aspirated  from 
the  bubo,  and  the  causati\c  organism  is  usually  found  in  the  blood. 
Such  niiiteiiid  should  be  obtained  Irom  everc'  case  as  soon  a.s  plague 
is  susjiected.  The  material  should  be  stained  by  a weak  solution  of 
an  aniline  dye,  such  as  carbol-fuchsin.  Ordinarily,  great  numbers 
of  a bipolar  staining  organism  are  found,  appearing  tyincally  as 
bacilli  but  not  ini rer|uently  as  coccoid  forms  which  are  capially 
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charadcristir.  Some  of  ihe  material  sliould  he  spread  on  agar  and 
also  planted  in  bouillon,  (iuinea-pigsshould  iinairiahly  be  inoculated 
by  the  cutaneous  method. 

Prognosis.  The  case  fatality  rate  varies  greatly,  from  30  to  75%- 

Treatment.-  In  the  treatment  of  i)lague  large  doses  of  ^'ersins 
scrum  should  be  used.  The  serum  should  be  fresh,  certainly  not 
more  than  6 months  old  and  should  have  been  kei)t  in  the  cold.  Its 
value  should  have  been  demonstrated  before  issue  by  e.\])eriments  to 
determine  its  protective  power  when  used  on  guinea  pigs  and  white- 
rats.  A dose  of  serum  as  a curative  agent  in  i)lague  should  be  150  to 
200  cc.  each  day  until  decided  imi)rovement  is  observed.  It  may 
be  administered  subcutaneously  or  intravernously.  Phe  use  ot 
scrum  does  some  good.  Pcrhaj)s  reducing  the  case  fatality  rate  10  to 
15%-  Unfortunately  it  is  a serum  higher  in  bactericidal  than  in 
antitoxic  properties  and  therefore  destroys  the  bacilli  thus  liberating 
the  endotoxin  which,  because  of  the  weak  antitoxin  pro]:)crties  of  the 
serum,  is  not  comi)letely  neutralized. 

Persons  e.xposed  to  infection  are  some  times  given  a prophylactic 
dose  of  Yersins  serum.  The  passive  immunity  produced  is  fleeting 
lasting  probably  not  more  than  one  week.  10  cc.  is  a ])rophylactic 
dose  given  subcutaneously.  The  local  reaction  is  sometimes  annoy- 
ing and  a general  reaction  sometimes  follows. 

The  use  of  Haffkine  prophylactic,  consisting  of  dead  plague 
bacilli,  is  not  recommended  as  it  is  doubtful  whether  success  obtained 
following  its  use  is  commensurate  with  the  time,  trouble,  and 
expense  entailed  in  its  administration.  Theoretically  it  should  be 
of  great  value  for  it  should  produce  an  active  immunity  of  much 
greater  duration  than  the  passive  immunity  following  the  use  of 
serum.  0.5  to  4 cc.  are  injected  subcutaneously  according  to  age 
and  size  of  the  individual,  followed  in  10  days  by  a second  inocula- 
tion of  a still  larger  amount. 

Plague  in  Rats.  As  has  been  said  before  l^ubonic  plague  is 
primarily  a disease  of  rodents.  During  the  height  c)f  the  epizootic, 
pathological  findings  are  usually  very  characteristic.  I here  are 
five  signs  to  be  obser\'ed.  hirst,  the  bubo.  I his  consists  of  a 
mass  of  enlarged  firm  lymphatic  glands,  necrotic  on  section  and  sur- 
rounded by  a sero-sanguineous  fluid;  second,  tln-re  is  an  injection 
of  the  sulicutaneous  tissue  olten  intense  and  ol  a crimson  hue,  thiid, 
the  spleen  is  enlarged,  firm,  dry  and  mahogany  red ; fourth,  the 
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liver  may  l)i‘  sludded  with  pin  head  areas  <fi\  in,y  it  a speekled  apjjear 
anee;  or  it  may  ha\a'  smaller  yra^’  |)()ints  of  necrosis;  lifth,  pleural 
ellusion  may  he  ohseiwed. 

I he  location  ol  the  huho  de|)ends  upon  the  site  of  inoc  ulation 
(the  ilea  bite).  In  India  when  sinjjjle  buboes  only  were  |)resent  7S% 
wen'  lound  to  be  in  the  cervical  ref^ion.  In  San  hrancisco,  75/^ 
were  lound  to  la-  in  the  in^uino-femoral  ri'yn'on.  W’hik'  in  Xew 
Orleans  only  43X  were  obseiwed  in  the  .i^roin,  28%  bein<t;  located  in 
the  neck  and  2-^  ' in  the  axilla. 

\\  lu'ii  jdague  is  in  abeyance,  as  between  out-breaks,  post- 
mortem sii^ns  ol  plaj^ue  in  rats  are  not  so  characteristic.  One 
may  obser\’e  only  the  sjieckled  appearance  ol  the  li\’er  or  there 
may  be  laryer  necrotic  areas  (plague  abscesses)  in  the  liver,  spleen,  or 
glands,  indicative  of  sub-acute  and  chronic  plague  in  rats,  .\ccord- 
ing  to  Williams  there  may  be  no  macroscopic  lesions  whatever  and 
\ et  animal  inoculation  may  disclose  the  presence  ol  j)lague  bacilli. 
If  while  still  trapping  intensively  a i)eriod  passes  without  having 
found  a plague  rat  by  the  macroscoj)ic  method,  the  possibility  that 
some  jdague  rats  in  which  all  macroscopic  signs  of  plague  are  absent 
may  have  been  overlooked,  must  l)e  kept  in  mind.  In  fact,  it  is 
perhaj)s  better,  as  ])lague  rats  become  increasingly  difticult  to  find 
b\  the  macrosco])ic  method  and  jilaguc  seems  to  be  disajipearing 
from  the  community,  to  inoculate  material  Irom  the  combined 
spleens  of  a number  ol  rats  Irom  the  same  location;  otherwise  a 
locus  of  infection  might  be  missed,  and  rat  proofing  operations 
could  therefore  not  be  put  into  effect. 

1 lague  jiroducecl  aitilicially  in  rats  dillers  somewhat  Irom  natural 
])lague  in  the  iiathological  findings  in-as-much  as  the  glands  while 
sometimes  enlarged  and  injected  rarely  show  the  tyiiical,  firm, 
caseous  bubo  suriounded  by  an  infiltrated  area  so  commonly  seen 
in  naturally  inlected  rats.  It  is,  however,  common  to  find  that  the 
enlarged  glands  have  a number  of  yellowish  points  just  under  the 
capsule.  'I'he  liver  has  granular  lesions  similar  to  the  liver  of 
natural  plague  infection,  however  if  the  rat  lives  for  six  days  or 
longer,  larger  necrotic  foci  re])lace  the  usual  ap])earance.  The 
spleen  is  lound  to  be  mottled  more  freciuently  than  in  natural 
])Iague  and  largc-r  granules  are  more  common.  Subcutaneous  injec- 
tion is  rarely  so  well  marked.  Pleural  elTu.sion  is  common.  Local 
reaction  is  UMially  (|uite  marked,  at  the  site  of  inoculation. 
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Plague  in  Ground  Squirrels.-  'I  Ik*  bubo  is  nearly  always  ])resent 
involving  one  or  more  glands.  Most  commonly  in  the  inguinal 
region,  next  the  cervical  and  then  the  axillary.  'I'he  area  around 
the  bubo  may  be  hemorrhagic  and  may  show  gelatinous  infiltration 
but  in  many  instances  there  are  no  changes  in  the  surrounding  tissue. 
On  section  the  bubo  is  seen  to  be  either  blood  stained,  rather  dry 
and  necrotic,  or  it  may  contain  a iiurulent  mass.  ( Probably  a later 
stage  of  the  first.) 

'Pile  spleen  is  usually  enlarged  and  frequently  contains  caseous 
or  ])urulent  foci. 

'I'he  liver  does  not  ordinarily  show  any  changes  but  when  it 
does  such  changes  are  similar  to  those  in  the  spleen. 

The  lungs  are  involved  rather  frequently  and  may  show  first 
a more  or  less  diffuse  gray  consolidation  affecting  a whole  lobe  or 
a whole  lung;  second,  disseminated  purulent  or  caseous  areas  varying 
in  size  from  a ]:)in  head  to  a ])ea. 

Plague  in  scpiirrels  is  seen  as  acute  cases,  subacute  cases  and 
residual  abscesses. 

Plague  in  ground  squirrels  must  not  be  contused  with  the  plague 
like  disease  of  rodents  due  to  Bacterium  luhircnsc  McCoy  and 
( hapin,  which  has  \’ery  similar  pathological  characteristics.  Ihis 
disease  is  readily  transferred  to  guinea  pigs,  mice,  rabbits,  monkeys, 
and  go])hers  but  rats  are  only  moderately  susceptible.  Lesions  in 
guinea  ])igs,  however,  show  a striking  resemblance  to  plague.  (See 
d'ularaemia.) 

Plague  in  Guinea  Pigs.  Plague  in  guinea  i)igs  is  ordinarily 
seen  only  after  inoculation  in  the  laboratory.  I here  is  an  area  of 
necrosis  at  the  point  of  the  inoculation.  The  subcutaneous  tissue 
is  thickened  and  hemorrhagic  and  surrounded  b}'  gelatinous  edema 
and  marked  injection  is  present,  es])ecially  noticeable  around  the 
bubo,  d'he  glands  are  enlarged,  caseous,  hemorrhagic  and  sur- 
rounded by  injection  and  edema,  d'he  location  ol  the  bubo  depends 
u])on  the  i)oint  of  inoculation.  'I'he  s])leen  is  enlarged,  dark,  fri- 
able, and  studded  with  whitish  areas  about  the  size  ol  a millet  seed. 
The  liver  is  enlarged  and  congested. 

Susceptibility  to  Plague  of  Certain  Small  Mammals  of  the  United 
States,  Other  than  Rodents  'Which  Have  Been  Found  Naturally 
Infected.  Laboratory  iin’estigations  made  by  Met  oy  have  shown 
that  the  following  animals  are  susceptible  to  plague  alter  inoculation. 


I’.imily  Si'iuiidac 


I'amily  .Muridae 
Family  ]\Iustelidac 


Arizona  prairie  dog  {Cyitomys  ludoviciaiuia  (irizonc.nsis) 
Rock  squirrel  (C'ilclliis  grtii)i»t!(rns) 

Antelope  ground  s(|uirrel  (A  iitDio.spcnuosplii/iis  Icucunis) 
('Iiipimmk  {Cd/lo.sprniiop/iilns  chrysodcirus) 

F.astern  desert  wood  rat  {Secdoma  albiyitla  aiiyifs/iccps) 
I'ield  mouse  ol  (kdilornia  {M icrohts  ridifonrinis) 

Weasel  (Puton'iis  xdiill/oyniys) 


Family  (leomvid  ie  , <^'1  California  {Thomomys  bottde)  very  slight 

I suscepi  ihility) 

kamily  kelidae  J he  I)omestieatcd  cal  {Fclis  domc.slicd) 


( tils  ntilurally  inlecled  with  pltigiu'  tire  ocetisionalh'  lOuiid 
I lie  disease  is  usually  in  a suliaeule  form.  W'ild  ralthils  have  been 
lound  ntilurall}'  inlecled  wilh  plague  in  I'uigland.  Except  for  the 
cal,  domeslic  animals  seem  to  he  (juite  resistant  to  jilague  infection 
tind  only  experience  local  and  tem])orary  eonstilutiontil  effect  tifter 
leeding  on  or  inoculation  with  jilague  material,  (pig,  calf,  goat,  sheep, 
dog,  and  jiigeon ). 

Laboratory  animals  including  guinea  pigs,  rabbits,  white  rats, 
and  monkeys  are  highly  susceptible  to  plague  infection,  (kiinea  jtigs 
and  vhite  rats  are  especially  \’alutible  for  use  in  demonstrating  plague 
infection,  domestic  rats  may  also  be  used.  It  must  be  rcmemliered 
that  considerafde  natural  immunity  may  be  present  in  domestic  rats. 
This  has  been  demonstrated  by  laboratory  investigation.  Indeed, 
occasionally  a guinea  pig  naturally  immune  may  be  eneountered. 

Morphology  and  Cultural  Characteristics  of  Bacillus  pestis.-  A 
shoit  thick  bacillus  with  rounded  ends,  non-motile,  gram  nc‘gati\'e, 
staining  readily  with  weak  aniline  dyes  more  denselv  at  the  poles, 
therefore  called  bipolar  staining.  In  the  tissues  it  not  infrequently 
ai)j)ears  m the  eoecoid  form.  'Fhis  can  be  differentiated  from  a true 
coccus  because  it  will  ])rove  to  be  gram  negative  while  a coccus  is 
gram  jiositive.  d'oo  nuich  imiiortance  must  not  be  |)laeed  in  the 
morjihology  and  tinctorial  reactions  of  the  plague  bacillus.  Animal 
inoculation  should  always  be  made*  and  usually  cultural  characteris- 
tics .should  be  determined,  d'hc'  apiiearaiuv  and  character  of  the 
culture  should  be  as  follows:  (.McCoy.)' 

.Agar— Smooth,  glistening,  round  whitish  colonies  which  an-  found  to  be  sticky 
when  touched  with  an  inoculation  needh'. 
broth  .\  scanty  surface  growth  which  falls,  often  in  globidar  masses,  when  the 
lube  is  gently  agitated;  and  a line  tlocculenl  |)i'ecipilale. 
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Litmus  milk  (iciiurally  rindiTc-d  sliglitly  acid. 

(ilucoso  brolli  Rendered  slight  ly  acid,  (las  is  not  formed. 

Lactose  broth  rnchanged  in  reaction,  (las  is  not  formed. 

Salt  -Xgar — On  .I'f  salt  agar  involution  forms  appear,  the  bacilli  assutuing  large 
balloon  shape  bodies  like  gigantic  cocci,  dumb  bell  and  t ry|)anosome- 
sha|)ed  forms. 


It  is  often  possible  to  secure  jiure  cultures  from  the  heart’s  blood, 
bubo,  spleen,  or  liver  but  it  is  always  well  to  recover  the  organism  b\' 
tinimal  inoculation  using  the  cutaneous  method.  By  this  is  meant 
shaving  the  abdomen  of  the  animal  over  an  area  of  about  one  inch 
scjuare,  abrading  the  eiithelium  very  slightly.  Suspected  material  or 
culture  is  then  rubbed  in  with  dressing  forceps.  This  method  has 
an  advantage  in  that  it  acts  as  a filter  jireventing  passage  of  most 
microorganisms  other  than  plague  bacilli,  (luinea  pigs  inoculated 
by  this  method  usually  die  in  less  than  seven  days.  W hite  rats  die 
a few  days  earlier.  A control  jrig  immunized  with  i cc.  of  \ersins 
serum,  given  at  the  time  of  inoculation  with  the  suspected  material, 
should  be  used. 


Another  useful  method  of  inoculation  is  to  make  a small  pocket 
in  the  subcutaneous  tissue  of  the  abdomen  inserting  therein  a piece 
of  the  susi)ected  material  or  a loop  full  of  culture. 

Examination  of  Rats  for  Plague.-  Rats  Inu  ing  been  brought  to 
the  laboratorv  properly  dipped  in  kerosene  and  tagged  are  stretched 
on  a board,  back  down  and  h.xed  with  a tack  through  each  foot. 
An  incision  is  then  made  through  the  skin,  in  the  median  line,  e.xtend- 
ing  from  the  submaxillary  to  the  pubic  region.  Two  large  skin 
flaps  are  then  dissected  back  on  each  side  exi)osing  the  cervical, 
axillary  and  inguinal  regions. 

rhe  abdominal  muscles  are  then  grasped  with  a pair  of  forceps, 
and  with  scissors,  a large  flap  is  cut  from  below  upwaid  exposing 
the  abdominal  viscera.  The  ribs  are  then  cut  through  on  both  sides, 
thus  making  another  llaj)  which  when  raised  e.x])oses  the  contents  ol 
the  thorax,  d'he  glandular  regions,  subcutaneous  tissue,  spleen,  liver, 
and  pleural  cavity,  should  then  be  examined  carefully  lor  evidence  ol 
|)lague. 

('ount  should  be  made  of  the  number  of  rats  sent  to  the  labora- 
tory, their  sjiecies  and  sex;  the  number  pregnant,  the  numbei  exam- 
ined and  the  number  found  jilague  infected,  f'or  each  j^lague  inlected 
rat  com])lete  data  should  be  kept  as  lollows; 
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I’l. AC. n.  I\  \ 1 ( ' \ i<i) 

I’lac'uc  rat  No 

I >alf  : 

Sijocii'." : 

Si’x : 

,\o.  dl’  let  uses: 
l•'rl)m : 

( 'oiKiitimi : 

Sul)i'iilaiu‘()u>  iniia  lidii: 

I .\  iliphal ic  ulandH.  I)ul)ii  or  otiu-r  le>ions  : 

Liver : 

Spleen : 

IMeural  elTusioii; 

I’liruli  lU  or  easeou>  I'oei : 

I tiaj^nosis  from  f.:ross  lesions: 

Diatinosis  from  smears: 

('ultures: 

I noeulal  ion : 

\aeeination: 

Date  suspiious: 

Date  [)osilivc: 

Date  nettatixe: 

Other  patholoftieal  eomlitions: 

I lie  work  should  be  done  in  ;i  screened,  rtit  jtrool  room  with 
sewer  connections.  K.vamination  tallies  should  have  a lead  lined 
top  sloping  towards  the  middle,  with  a drain  leading  into  a bucket 
of  disinfectant  solution. 

Large  stone  jars  ot  at  least  20  gals,  capacity  may  be  used  to 
retain  inoculated  rabbits,  guinea  jiigs  and  white  rats,  a screen  of 
cheese  cloth  to  be  used  as  a cover.  Inoculated  wild  rats  should  be 
confined  in  cages  placed  within  jars  or  garbage  cans. 

.An  incinerator  should  be  proidded  tor  the  disposal  ot  plague 
infected  animals.  Others  may  be  jilaced  in  metal  cans  with  tight 
tops  and  taken  to  the  municipal  incinerating  ])lant  if  there  be  one. 

Methods  of  Control 

In  the  prevention  and  control  of  bubomd-  jilagiie  the  great 
object  to  be  attained  is  that  ot  jilacing  thc‘  emironment  in  such 
londition  that  man  and  rat  or  its  tleas  will  not  come  into  contact 
and  that  conditions  are  such  that  the  iiresemv  of  rats  will  be 
discouraged.  'I'lu'  e.xtermination  of  rats  by  the  usual  means  is 
Iiractically  impossible  but  it  is  (piite  possible  to  re<luce  the  rat 
population  by  trapping  and  poisoning,  and  to  finally  build  them  out 
ot  e.xisteme,  by  jiroper  rat  proofing  jirocedure,  at  the  same  time 
abolishing  all  conditions  that  furnish  a harboring,  breeding  and 
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Ici'dinjj;  place  lor  rats.  Rats  arc  killed  in  a cam])aign  against  plague, 
not  only  to  reduce  the  rat  ])()pulation,  but  also  to  discover  ])lague 
rats  so  that  foci  of  infection  may  be  known  and  stamped  out  by 
pro])er  rat  proofing  operations. 

Organization.  'Fo  successfully  carry  on  a camjiaign  against 
plague,  proper  organization  is  necessary.  'I'his  should  include  a 
central  ofllce  force,  a laboratory  and  a field  force.  In  the  interests 
of  ettective  administration,  the  city  should  be  divided  into  districts, 
bach  district  should  be  in  charge  of  a Aledical  Officer  who  should 
have  under  his  control  the  necessary  personnel,  consisting  of  ins])ec- 
tors,  foremen,  trapjiers  and  laborers. 

At  headcpiarters  policies  should  be  adopted  and  educational 
measures  instituted,  statistical  information  collected  and  compiled 
and  general  supervision  maintained  over  the  entire  work. 

In  the  laboratory  rats  sent  in  are  e.xamined  for  jdague  to  dis- 
cover foci  of  infection,  post  mortems  are  performed  and  laboratory 
diagnoses  made  of  human  cases.  Identification  of  rats  and  flea 
surveys  are  also  made. 

In  the  field,  rats  are  trapped  or  poisoned  and  transmitted  to 
the  laboratory.  Inspections  and  reports  are  made  of  those  places 
in  need  of  rat  proofing,  demolition,  cleaning  uj),  etc.  It  is  well  to 
have  all  orders  relative  to  rat  proofing  and  similar  reciuircments 
emanate  from  headcpiarters  but  the  follow  up  .system  to  determine 
if  orders  are  being  obeyed  must  be  carried  on  by  the  district  officer. 
If  there  are  no  laws  or  ordinances  under  which  to  act,  rat  proof- 
ing ordinances  should  be  formulated,  and  promulgated  promptly. 
Enforcement  of  rat  proofing  ordinances  is  frecpiently  difficult  and 
many  obstacles  may  be  e.xpected.  To  rat  proof  recpiires  money 
wliich  must  come  out  of  the  i)Ockets  of  those  against  whom  an 
order  is  issued.  It  is  especially  difficult  to  make  them  see  the 
necessity  of  rat  ])roofing  when  rat  plague  only  is  present.  Even 
thinking  business  men,  and  city  officials  object  until  they  realize 
that  without  adequate  measures  their  business  is  placed  in  jeopardy. 
Preliminary  to  issuing  rat  proofing  orders,  clear  evidence  must  be 
procured  of  the  conditions.  Photographs  are  valuable  evidence 
and  there  should  be  at  least  two  witnesses.  .\n\'  case  is  liable  to  be 
j)rotestcd  in  court. 

Foremen,  Trappers,  and  Laborers.  Ihich  foreman  should  have 
under  his  supervision  live  laborers  or  trai^pers.  Faich  trapper 
should  be  pro\  ided  with  25  cage  trai)S  and  50  sna[)  traps. 


PLAGl'K 


'I'raiipcrs  should  recciN  o a daily  wai^c,  plus  a bonus  lor  cat  li 
correctly  labelled  rat  brouL^ht  in,  over  a ci-rtain  number,  with  air 
extra  bonus  for  each  ])la,ttue  rat  cau.ttht  and  sent  to  the  laboratory. 
'J'he  wages  jiaid  depend  upon  standard  of  wages  in  the  locality. 

In  addition  to  tra])i)ing  in  the  city,  a ci'rlain  amount  of  Iraj)- 
ping  should  b(‘  done  on  the  outskirts,  even  extending  into  rural 
district>,  in  an  effort  to  get  rats  as  well  as  other  rodents  common 
to  the  locality.  It  is  necessary  to  determine  if  plague  infection 
has  spread  to  the  caiuntry  animals. 

When  a plague  focus  has  been  found,  it  is  well  to  start  intensive 
rat  eradication  operations  in  at  least  twelve  blocks  using  the  house 
from  which  a jdague  rat  is  taken  as  the  center.  A line  of  traps 
and  ])oison  should  be  placed  to  encircle  this  area.  Jieginning  at 
the  center,  the  work  of  demolishing  rat  harboring  places  by  tearing 
up  wooden  lloors,  tearing  out  double  walls,  cleaning  up  lumber  and 
rubbish  piles  and  the  like  followed  by  adequate  rat  prooling,  should 
extend  toward  the  peri})hery  as  intensive  trapping  and  poisoning 
is  carried  on  in  the  surrounding  zone  extending  towards  the  center. 

Rat  nests  should  be  treated  with  insecticide  and  burned.  It  is 
well  to  sjway  the  ground  area  with  insecticide.  An  emulsion  of 
equal  [larts  of  kerosene  and  a 5%  cresol  solution  is  valuable  or  an 
emulsion  containing  85  parts  of  kerosene  mixed  with  15  parts  of 
hot  soap  solution,  and  used  in  the  pro})ortion  of  2 parts  of  the  emul- 
sion to  98  parts  of  water. 

Depopulation.-  Depopulation  is  really  a logical  procedure  where 
it  can  be  carried  out.  By  this  means  persons  are  immediately  taken 
away  from  contact  with  rats  and  from  fleas  and  not  permitted  to 
return  until  the  area  has  been  put  into  a rat  free  condition.  While 
harboring  places  are  being  searched  for,  every  effort  should  be  made  to 
kill  escaping  rats  by  dogs,  clubs  and  otherwise.  It  is  a good  plan  to 
surround  the  building,  buildings,  or  even  entire  city  blocks  with  a 
galvanized  iron  fence  to  prevent  the  escape  of  rats  to  adjoining 
buildings  or  blocks. 

Traps.  Two  kinds  of  traps  may  be  used,  snap  trai)s  and  cage 
traps.  Ordinarily  snap  traps  are  more  effective,  i.e.,  in  the  long 
run  there  will  be  more  rats  collected  from  snap  traps  than  frt)m  cage 
trails.  The  latter  are  large,  unhand}'  to  carry  and  require  more 
attention  and  are  apt  to  be  neglected  by  the  trappers.  It  is  ([uite 
possible  that  equal  attention  paid  to  both  on  the  part  t)f  the  trapper 
would  inciease  the  catch  trom  the  cage  tra|)s.  .V  x'ariely  of  bail  ma\' 
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!)(-'  used,  such  as  bacon,  cheese,  bread,  fjjreen  vegetables,  meat,  grain, 
etc.  As  a general  rule,  the  choice  of  bait  dei)ends  on  the  character 
of  food  su])i)ly  in  the  place  being  trai)ped.  First  try  baiting  the 
traj)  with  the  food  most  available,  that  is,  in  a butcher  shop  use  meat, 
in  a granary  use  grain,  if  this  is  not  successful,  then  use  some  other 
kind  of  bait.  Rotation  of  baits  after  a trial  of  each  one  for  two  or 
three  days  should  be  i)racticcd.  If  there  is  undoubted  evidence  of 
rats  and  yet  the  first  day  or  two  none  are  caught,  do  not  get  dis- 
couraged, leave  the  traji  in  its  place  until  the  rats  become  accustomed 
to  it.  Rats  arc  wary  animals  and  not  easily  fooled.  Cage  traps 
should  be  placed  near  rat  holes  or  rat  runs,  and  places  where  rats 
are  accustomed  to  feed.  It  is  ordinarily  desirable  to  cover  them  with 
gunny  sacks,  straw  or  similar  material.  Snap  traps  preferably 
should  be  placed  in  the  rat  run  and  sprinkled  over  with  a little  dust, 
grain  or  any  material  available.  Cage  traps  should  be  of  the  larger 
type,  20  inches  in  length  and  the  wire  should  be  reinforced  so  that  a 
rat  cannot  push  its  way  through  by  spreading  the  wires.  When 
after  successful  trapi)ing  operations  several  days  jiass  without  secur- 
ing any  more  rats,  traps  should  be  moved  to  new  j)laces.  One  of  the 
most  important  things  for  successful  trapping  is  that  no  food  other 
than  bait  in  the  trap  should  be  available,  therefore  all  footl  should 
be  protected  against  rats  and  garbage  should  be  jdaced  in  tight  cans 
and  properly  disposed  of.  Traps  and  bait  should  be  handled  with 
gloves. 

The  British  have  been  successful  in  catching  rats  by  using  a sticky 
substance  consisting  of  linseed  oil  and  rosin.  This  is  spread  over 
trays  with  a piece  of  bait  on  cardboard  placed  in  the  center. 

A certain  number  of  live  rats  should  be  trapped  for  laboratory 
purposes,  and  in  order  to  determine  species  and  the  number  of  fleas 
per  rat  from  season  to  season,  d'here  is  thus  obtained  from  time  to 
time  the  ap])roximate  degree  of  flea  prevalence  a valuable  inde.x 
bearing  on  the  i)ossibilities  of  spread  of  the  disease.  To  secure  live 
rats,  cage  tra])s  must  be  used  as  snap  tra])s  kill  immediately. 

Every  oj)portunity  should  be  taken  to  search  tor  and  transmit  to 
the  laboratory  all  rats  found  dead.  It  is  obvious  that  during  epi- 
demics of  plague,  large  numbers  of  rats  die  from  infection,  thus  the 
chances  of  finding  a jilague  infected  rat  among  those  found  dead  is 
much  greater  than  the  finding  of  one  among  tho.se  traiiped.  It  is 
sometimes  possible  to  recover  by  animal  inoculation  plague  bacilli 


rLACUK 


•105 

I'roni  a plai^uc  rat,  oven  lhoujj;h  (loooinposition  is  well  a(l\  aiu cd  and 
llio  oharaclorislio  signs  of  plague  ha\e  disappeared. 

Guinea  Pig  “Controls”  “Sentinel”  or  “Barometer.”-  d lie  u>e 
ot  guinea  pigs  tc)  delect  i)lague  infec  tion  in  a housi'  has  been  practiced 
on  a number  of  occasimis.  Several  guinea  pigs  in  cages  ar(‘  placed  in  a 
suspected  room  or  house,  d'hese  animals  will  attrai  t Ileas  and  in  the 
presence  of  ])lague  infection  may  develop  plague.  Creel  has  sug- 
gested that  more  wide  s[)read  use  be  made  of  this  procedure,  in  that 
the  guinea  pigs  be  released  in  one  or  more  houses  in  each  cilv  block 
in  a hope  that  they  may  furnish  an  indc‘.\  to  the  distribution  of  ihc' 
disease.  Houses  known  to  harbor  rats  should  be  chosen  and  if, 
alter  a week's  trial,  no  intection  de\'elops  among  the  guinea  pigs  in 
the  block  under  obser\'ation  they  should  be  moved  to  other  ])arts  of 
the  city.  In  this  way  it  might  be  jxcssible  to  determine  foci  of  rat 
inlection  in  ad\'ance  ol  the  slower  method  of  trapping  and  examining. 
Incidentally  by  at  tracting  the  Ileas  guinea  pigs  ser\-e  to  protect  human 
beings. 

Poisoning.  Poisons  are  of  doubtful  \alue  as  aids  to  rat  destruc- 
tion. The  number  of  rats  found  dead  following  intensive  i)oisoning 
operations  is  ordinarily  not  increased.  It  is  possible  that  poisoned 
rats  may  seek  the  sewers  where  they  die  and  are  washed  out  through 
sewer  outlets  unnoticed.  It  is  also  possible  that  poisons  may  only 
serve  to  drive  the  rats  away  to  other  j)arts.  This  is  not  desirable. 

Poisons  must  be  laid  with  great  care,  well  out  of  reach  of  children 
and  domestic  animals.  Ar.senic  does  not  deteriorate  and  therefore, 
remains  poisonc^us  for  indefinite  periods.  Phosphorus  deteriorates 
with  age.  It  is  also  inflammable,  and  must  be  placed  away  from 
inflammable  material. 

.\  few  formula'  for  rat  poisons: 


I.  Riee  or  corn  meal. 

5 

lbs 

('ommer(  ial  arsenic 

I 

11). 

.Mi,\  thoroiiKhly  and  boil  until  cooked. 

2.  Sugar 

■ • 

lbs 

Oalmeal. 

13  lbs. 

Commeri  ial  arsenic. 

4 

lbs. 

.Mi.\  thoroughly. 

3.  ( iround  ruste  bacon  . 

4 

lbs. 

(irouml  corn  soaked  o\  er  night  in  a solution  of  s>Tup  and 

water  5 

lbs. 

Commercial  arsenic 

>2 

lb. 

.Mi.\  thoroughly. 

Phos])horus  may  be  used  by  mixing  crude  i)hos|)horu.s  in  tlie 
])roportinn  of  5^  ,',  with  c heoe  and  sugar  lieated  together  to  the 
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(.'onsistency  of  syrup.  The  jihosphorus  is  added  after  the  syrup 
has  been  taken  from  llie  lire  and  cooling  has  liegun. 

Strychnine  has  been  fountl  useful  in  the  destruction  of  ground 
s(|uirrels.  Wheat  should  be  soaked  over  night  in  water.  The 
e.xcess  of  water  should  then  be  poured  off  and  the  grain  soaked  in 
a hot  glucose  solution  containing  j^ioth.  of  i%  of  strychnine  sul- 
])hate.  Stir  well  and  then  allow  to  dry  in  shallow  pans  over  a slow 
tire  or  by  exposure  to  the  sun.  ('yanide  of  potassium  or  sodium 
may  be  added  in  the  proportion  of  J -j  of  i%. 

Bacterial  Virus.  - The  use  of  a bacterial  virus  such  as  Bacillus 
lyp/ii  murium  has  not  been  successful  in  even  reducing  a rat  popula- 
tion. There  is  no  disease  with  which  rats  can  be  infected  that  will 
exterminate  them.  If  there  were,  bubonic  plague  itself  would 
probably  do  it.  d'he  use  of  a bacterial  ^•irus  is  futile. 

Rat  Proofing 

In  view  of  the  fact  that  total  eradication  of  the  rat  by  the  usual 
methods  is  impracticable,  rat  proofing  becomes  a logical  and  a 
certain  method  for  the  control  of  bubonic  plague.  It  has  two  chief 
puriioses.  The  first  is  to  prevent  contact  between  rat  and  man; 
the  second  is  to  eliminate  the  breeding  and  feeding  places  of  rats. 
The  methods  used  in  rat  proofing  vary  somewhat  depending  upon 
the  case.  Perhaps  the  simplest  form  of  rat  proofing  is  by  elevation 
by  which  is  meant  the  elevation  of  premises  at  least  2 feet  above 
the  ground.  The  space  underneath  may  be  left  uninclosed  and 
unobstructed  so  that  free  access  to  cats  and  dogs  may  be  had. 
There  must  be  no  accumulations  of  rubbish  to  furnish  harbors  for 
rats.  If  the  space  is  to  be  inclosed,  walls  should  be  of  concrete,  or  of 
brick  set  in  cement  either  to  extend  at  least  two  feet  into  the 
ground,  (bpenings  provided  for  ventilation  must  be  well  screened 
with  hea\'y  iron  wire  having  a mesh  not  exceeding  one-half  inch. 
Walls  must  be  flush  with  the  floor.  Lumber  and  material  about 
the  yard  which  cannot  be  destroyed,  should  be  elevated  at  least 
two  feet  from  the  ground. 

basements  and  cellars  should  be  of  concrete  or  of  cement,  rein- 
forced by  heavy  wire  screening.  Concrete  is  by  far  the  best  rat 
{)rooling  material.  It  should  be  made  of  a standard  cement,  clean 
sharp  sand  and  stones  in  the  i)roi)ortion  of  1:2:5.  Walls  should 
be  at  least  6 inches  thick  and  floors  3 inches  thick  with  K inch  of 
cement  laid  on  ihe  surlace. 
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Double  walls  should  ho  axoidod,  or  (ho  spare  hi'tweou  slioidd 
hr  idU'd  ahox  r and  hrloxv  lo  prrx'onl  I hr  rnlranoe  of  rats,  and  a 
xvirr  inrsh  should  rxirnd  upward  hack  of  the  hase-hoard.  hase- 
inenl  reiliiiiis  should  remain  unsealed. 

Wooden  floors,  unh'ss  laid  direetly  upon  eonerche,  should  hc' 
made'  ol  txx’o  hiyc'i's  ot  tonyue  and  yrooxc  hoards,  sc'paraled  hy  a 
layer  ol  xxire  elolh  xvilh  a mc'sh  of  about  Jo  inch.  I )oors,  base- 
mc'Ut  xxindoxxs,  root  hatches,  and  the  like'  should  he  xx'ell  littiny. 
\entilation  louxers,  eoncluit  openings,  and  openings  for  the  entranee 
of  pii)iny  should  he  fdleci  by  cemc'nt  or  screened  with  Jo  i'leh  mesh 
xxirc'  eloth,  as  the  ease  may  hc'. 

Rats  are  Irecpiently  harbored  undc'r  pax’ements.  'I'hese  should 
reeeix'c  attention.  \A  oocleii  xx’cdks  are  esperiedix'  ohjc'c  tiouahle. 

Chicken  Coops.-  Chickens  and  ])iys  shoidd  not  he  kept  within 
the  city  limits.  It  is  permissible  to  make  an  e.xeeption  in  the  case 
of  ehiekens  xxdien  chicken  eoojcs  are  jcroperlx'  eonstrueted.  'khex' 
should  he  surrounded  by  a conc'rete  xvall  extending  into  the  ground 
at  least  txvo  feet,  and  one  foot  abox'e.  The  top  and  sides  of  the 
coop  should  then  he  enelosed  by  xvire  netting  of  lo  inch  mesh. 

Stables.  Stables  should  hax'e  rat  proof  floors,  i.e.  concrete 
floors  })referahly.  Cribs  should  he  built  with  a llareup  from  below 
outxx'ard,  and  rendered  rat-proof  by  a cox'cring  of  zinc. 

City  Sewers.  Rats  harljor  in  city  sexx'ers  in  large  numbers. 
They  enter  and  leax'e  mainly  by  xvay  of  the  catch  basin,  but  thex' 
may  go  through  house  sexver  systems,  burroxving  along  side  the  house 
sexver.  C atch  basins  shoulcl  be  made  rat-proof  by  hax’ing  smooth 
x-ertical  sides,  with  the  c)])ening  from  the  street  at  least  three  feet 
abox-e  the  c)i)ening  into  the  sexver.  Traps  in  the  sexver  shoulcl  be 
clone  axvay  with,  as  xvell  as  basins  for  the  collection  of  silt.  There 
shoulcl  be  a smooth  round  bottom  leading  directly  into  the  sexver 
])il)e.  'I'his  is  the  modern  idea  of  the  catch  basin.  Incidentally 
it  cloes  iixxax  xxith  any  collectioji  ol  xx’ater  at  tlie  bottom  xxhere 
moscjuitoes  may,  and  in  fact,  freciuently  do  breed.  It  xvill  also 
save  money  to  the  city,  in  that,  cleaning  of  such  a catch  basin  is 
unneces.sar}-. 

Wharves.  W harx-es  should  bc'  of  rat  proof  construction  pref- 
erably of  concrete,  xvith  no  harboring  places  for  rats  abox'e  or  beloxv. 

1 hey  may  be  prox-ided  xvith  rat  prool  compounds,  into  xvhich  cargo 
may  be  unloaded. 
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Freight  cars  also  |•(.‘(juir(.‘  attonlion.  I'hcy  should  he  repaired 
>o  lhat  there  are  no  openings  for  the  entrance  of  rats,  and  when 
left  standing  on  track  overnight,  partly  or  wholly  loaded,  should  he- 
el osed. 

Ships.  Ships  should  he  fumigated  regularly  to  kill  rats  and 
while  along  side  a wharf  or  dock  should  have  rat  funnels  on  all 
lines.  The  gang-way  should  he  hoisted  at  night  and  the  vessel 
should  he  fended  off  from  the  dock  at  least  six  feet.  This  may 
he  done  hy  means  of  a raft  floated  between  the  ship  and  the  wharf 
piling. 

Garbage.  Proper  care  of  household  garbage  is  important. 
It  should  he  kept  in  a galvanized  iron  can  with  tight  fitting  cover, 
and  should  he  collected  at  least  once  a week,  and  disposed  of  in  an 
approved  manner. 

Infected  Buildings.-  Occujrants  should  he  removed  and  the  build- 
ing fumigated;  fumigation  to  he  followed  hy  a thorough  renovating 
to  place  the  premises  in  a rat-free  and  rat  proof  condition.  JJouhle 
walls  should  be  torn  out,  planking  must  he  torn  up,  and  the  ground 
beneath  broken  to  break  up  rat  burrows,  then  soaked  with  kerosene 
or  a kerosene  emulsion,  and  concreted. 

The  cessation  of  human  plague  is  no  criterion  that  plague  has 
disappeared.  It  is  only  when  no  plague  rats  have  been  found  for 
at  least  one  year,  during  which  period  they  have  been  trapjx-d  and 
examined  conscientiously,  that  one  can  believe  that  the  infection 
has  been  stami)ed  out.  Even  then,  it  is  unwise  to  discontinue  rat 
proofing,  as  rat  plague  may  only  he  quiescent,  or  the  same  factors 
which  permitted  the  entrance  of  a plague  rat  may  he  still  o}>erative, 
and  reinfection  may  occur.  Rat  })roofing  measures  should  he  carried 
out  at  all  times,  with  or  without  the  presence  of  plague,  d'his  is  a 
preventati^■e  measure  well  worth  the  cost. 

It  is  not  unlikely  that  after  intensive  work  to  destroy  rats,  not 
more  than  50%  of  the  rat  population  is  actually  eliminated.  It 
would  seem  that  as  the  activities  ])rogress,  the  rats  that  remain 
have  a much  easier  time  in  securiiig  food,  and  it  may  he  that  with 
their  gradual  extermination,  breeding  occurs  more  lrecjuentl\'  in  a 
natural  effort  to  resist  extermination  of  the  species. 

After  one  has  carried  on  an  intensive  cam])aign  of  trapping  and 
])()isoning,  it  has  been  suggested  that  the  repression  t)f  rats  can  he 
accomplished  Cjuicker  and  with  more  permanent  results,  by  sexual 
selection  destruction  of  fi-malc^  only,  ])ermitting  the  males  to  go 


Ircc.  Ill  this  \v;i\-  tlu'rc  is  hrouizhl  atxuit  a natural  hut  gradual 
uxtcnnination  of  tlu'  v|)iHa\'>. 

PNEUMONIC  PLAGUE 

Ihu'unionir  plat^ue  is  a form  of  pnoumonia  due  to  the  jilapuie 
hacillus.  It  is  a lii^lily  fatal  disease  resultin.Li  in  a ease  fat;dit\- 
rate  of  praetieally  loo'  , . I'ipidemies  of  pneumonie  jihi^ue  are 
not  uni'ommon  in  North  China  during  the  winter  months  when 
jieople  are  Imddled  within  their  liousi-s  without  ventilation  and  with 
a hittli  decree  ol  relative  humidity.  vSueh  e|)idc‘mi(  s seem  to  haw' 
h;td  their  heydnnin.u;,  in  a ease  of  huhonie  pla>t:ue  eontraeted  from 
handlinit  a playme  infected  marmot.  It  is  curious  that  a small  out- 
hreak  of  jmeumonic  plajtue  in  Oakland,  California,  in  ipu)  had  its 
origin  in  a ease  of  human  bubonic  plague  contraetecl  from  a jilague 
infected  ground  scjuirrel.  Pneumonic  involvement  in  naturallx’ 
infected  ground  s(|uirrels  is  a common  jiathological  condition. 

C'ases  of  primary  pneumonic  ])lague  are  rare  in  warm  weather. 
Low  temperatures,  shut  uji  houses  and  a high  degree  of  relative 
humidity  seem  to  be  necessary.  In  a warm  dry  atmosphere  the- 
droplets  expelled  trom  the  mouth  and  nose  dry  rapidly  and  jilague 
bacillus  is  very  short  lived.  In  a close  humid  atmosphere  in  closed 
unheated  houses  the  danger  of  spread  is  great. 

Primary  jmeumonic  jdague  is  transmitted  directly  from  jierson 
to  person  as  in  other  diseases  of  the  resjiiratory  tyjie  and  does  not 
dejiend  tor  its  occurrence  ujion  infection  in  rats  or  tin'  jirc'sence  of 
ileas. 

A Guide  for  Formulating  a Rat  Proofing  Ordinance 

I he  lollowing  outline  lor  a Rat  Proofing  Ordinance  has  been 
>uggested  by  the  lb  S.  Public  Health  Service  ( Public  Health  Rejiorts, 
-November  5.  ic)2o).  Like  all  model  ordinances  it  may  reejuire  some 
modification  in  onh'r  to  adajit  it  to  local  conditions. 

Ordinance  No. 

.\n  oniiiKtiuv  requiring  every  building,  liouse.  outhouse,  or  oilier  super- 
■'Iructure  hereiiialler  to  bi'  erected  in  the  city  of  to  be  rat  proofed. 

He  it  ordaiiusl  by  the  city  council  of 

Skciiox  I.  1 hat  e\’ery  building,  house,  outhouse,  or  other  .su|)ersl  rucl  lire 
ol  any  and  e\ery  character  whatsoever  hereafter  erecteil  in  the  city  of  — 

sh.all  be  ral-prooled  in  the  manner  hereinafter  |)ro\’ided. 
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Sfa’.  2.  U shall  I)C  unlawful  for  any  person  to  construct  any  building,  house, 
outhouse,  or  other  superstructure  within  the  corporate  limits  of  the  eity  of 
unless  the  same  shall  be  rat-proofed  as  hereinafter  provided. 

Sf.c.  3.  For  the  purpose  of  rat-itroofmg,  all  buildings,  houses,  outhouses,  or 
other  superstructures,  except  stables,  shall  be  divided  into  two  classes,  to  wit: 
Class  A and  Class  IF 

Sec.  4.  'That  every  restaurant  and  restaurant  kitchen,  hotel  and  hotel 
kitchen,  boarding-house  kitchen,  slaughterhouse,  i)acking  house,  bakery,  every 
place  where  foodstuffs  or  refreshments  of  either  solid  or  liquid  form  are  manu- 
factured, stored,  kept,  sold,  i)repared,  or  offered  for  sale,  every  warehouse, 
freight  shed;  eveiy  i)lace  wherein  live  or  dressed  poultry,  game,  animals,  or 
birds  are  sold,  stored,  or  kept  for  sale;  every  junk  shop,  chicken,  or  poultry 
house,  pen  or  inclosure,  and  every  place  where  hides  are  kept,  handled  or  stored, 
shall  be  rat-proofed  in  the  manner  provided  for  hereinafter  as  Class  A. 

All  other  buildings,  outhouses,  and  superstructures,  except  stables,  not 
hereinbefore  si)ecihed  as  Class  A,  and  all  buildings  used  exclusively  for  resi- 
dential purposes,  shall  be  rat-proofed  in  the  manner  provided  for  hereinafter 
as  Class  B;  provided  that  the  owner  of  any  building,  residence,  outhouse,  or 
other  superstructure  in  Class  B,  may,  if  he  so  selects,  rat-proof  the  same  in  the 
manner  i)rovided  for  in  Class  A. 

“Foodstuffs,”  as  used  in  this  ordinance,  is  hereby  defined  to  mean  llour, 
dour  products,  animals  and  animal  products,  jiroduce,  groceries,  cereals,  grain 
and  the  products  of  cereals  and  grain,  jioultry  and  its  products,  game,  birds, 
lish,  vegetables,  fruits,  milk,  cream,  and  the  products  from  milk  or  cream,  ice 
cream,  liquid  refreshments  of  every  character,  or  any  combination  of  any  one 
or  more  of  t he  foregoing. 

Sec.  5.  d'hat  the  construction  and  material  used  in  rat-tirooling  shall  con- 
form to  the  building  ordinances  of  the  city  of , except,  and  only  in  so  far, 

as  the  same  be  modified  herein. 

Sec.  6.  Class  A.  The  ground  lloor  of  every  building,  outhouse  or  other 
superstructure  in  Class  A shall  be  of  concrete,  which  concrete  shall  be  not  less 
than  three  inches  thick  and  overlaid  with  a top  dressing  of  cement,  mosaic, 
tiling,  or  other  material  impermeable  to  rats,  and  such  lloor  shall  rest,  without 
any  intervening  sjiace  between,  upon  the  ground;  said  lloor  shall  extend,  and 
be  hermetically  sealed  to,  walls  surrounding  said  floor,  which  walls  shall  be  of 
concrete,  or  of  stone  or  brick  laid  in  cement  mortar,  and  each  wall  to  be  not  less 
than  six  inches  thick,  and  shall  extend  into  and  below  the  surface  ot  the  sur- 
rounding ground  not  less  than  two  (2)  leet,  and  shall  extend  iqiwards  not  less 
than  twelve  (12)  inches  above  the  surface  of  said  lloor. 

■Sec.  7.  Class  /F  All  buildings,  outlu)uses,  and  olher  superstructures  of 
Class  B,  shall  be  set  upon  pillars  or  underpinnings  of  concrete,  or  of  stone  or 
brick  laid  in  cement  mortar,  such  pillars  or  underpinnings  to  be  not  less  than 
eighteen  (18)  inches  high,  except  where  the  building,  outhouse,  or  superstruc- 
ture is  more  than  thirty  (30I  feet  in  width,  the  height  to  be  measured  from 
the  ground  level  to  the  toj)  of  said  i)illars  or  underinnnings,  and  the  intervening 
space  between  the  building  and  the  ground  level  to  be  ojK'n  on  at  least  three 
sides  and  to  be  free  from  all  rubbish  and  other  rat-harboring  material,  or  may 
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l)c  rat  itruofcd  l)y  const ruc'ting  at  tlic  tiiarj'in  of  the  gia)un(l  area  ol  said  building 
a sustaining  wall  of  e'oncrclc,  or  of  brick  or  stone  laid  in  cement  mortar,  such 
wall  to  extend  into  and  below  the  surface  of  tlie  ground  at  letist  Iwo  (2)  feel  and 
to  meet  the  lloor  of  the  building  above  closely  without  atiy  intervening  space. 
Such  walls  shall  be  at  least  six  (6)  inches  thick  and  shall  extend  entirely  around 
the  said  building:  J'rovideJ.  'I'hat  said  wails  may  be  built  with  opetiings  therein 
lor  ventilation  only:  And  provided  further,  'J'hal  such  openings  for  ventilation 
max'  be  ol  such  size  as  the  owner  may  elect  and  shall  be  securely  screened  witli 
metallic  gratings  hax'ing  openings  between  tin-  bars  of  said  gratings  of  not  more 
than  oncdialt  ('■_)!  itich,  <.)r  with  a win'  mesh  ol  not  less  than  12  gauge,  having 
oitcnings  between  the  wires  t)f  said  mesh  ol  not  more  than  one-half  (3^)  inch 
and  the  whole  so  constructed  and  closed  as  to  prevent  the  entrance  of  rats 
beneath  such  buildings. 

Provided,  That  when  the  owner  of  any  building,  outhouse,  or  other  super- 
structure. which  is  more  than  thirty  (30)  feet  in  width  and  which  is  herein 
classified  as  Cdass  If,  shall  elect  to  rat-proof  same  by  elevating  same,  that  he 
shall  elevate  same  to  a height  in  excess  of  eighteen  (18)  inches  to  wit:  that  for 
every  additional  ten  (10)  feet  or  fraction  thereof  in  e.xcc.ss  of  thirty  (30)  feet  in 
width,  the  building  outhouse,  or  other  suiierst ructure  shall  be  elevated  an 
additional  six  (6)  inches. 

Sec.  8.  Jhat  in  any  case  where,  under  the  j)rovisions  of  this  ordinance,  any 
building,  outhouse,  or  superstructure  is  required  to  be  rat-proofed  as  Class  A, 
and  the  said  building  or  outhouse  or  superstructure  is  used  in  part  for  residential 
I>urposes,  and  the  part  used  as  a residence  is  elfectively  sejiarated  from  the  part 
falling  within  Class  A by  permanently  and  effectively  closing  all  openings  above 
and  below  the  ground  tloor  or  by  constructing  a new  wall,  and  in  either  case 
the  whole,  in  such  manner  as  to  make  such  wall  wholly  and  continuously  in 
its  entirety  without  doorways,  windows.  t)r  other  openings  between  the  jiart 
used  as  a residence  and  that  used  for  such  i)urpose  as  makes  it  fall  within  Class 
A,  then  in  such  case,  and  for  rat-i)roofmg  ])urposes  only,  the  said  building  will, 
iifter  such  separation  and  closure  of  the  openings,  or  by  the  construction  of  such 
new  wall,  be  deemed  to  be  two  buildings,  and  that  the  part  u.setl  e.xclusively 
tor  residential  fnir[)oses  may  be  rat-proofed  in  the  manner  provided  for  as  a 
Class  H building,  and  the  remaining  part  of  said  Imilding  shall  be  rat-i)roofed 
in  the  manner  jjrovided  for  as  Class  .\  buildings. 

.Sec.  q.  .S7nWcx.  -Every  building  hereafter  constructed  and  used  for  stablim^ 
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any  horse,  cow,  mule,  or  any  other  animal  or  animals  shall  be  constructed  as 
in  this  section  itrovided. 

ir(///,v.  d'he  sustaining  walls  of  such  building  shall  be  constructed  of  con- 
crete, or  of  brick  or  stone  laid  in  cement  mortar,  and  shall  be  not  less  than  six 
(6)  inches  thick  and  shall  extend  into  and  below  the  surface  of  the  surrounding 
ground  not  less  than  two  (2)  feet,  and  shall  extend  above  the  groutid  a sulficient 
height  to  be  not  less  than  one  ft)  foot  above  the  lloor  level.  .Ml  oi)ening.-'  in 
such  foundation  wall  shall  be  coc'ered  with  metal  grating  haxing  oitenitigs  not 
greater  than  one-half  f n,)  inch  between  the  gratings. 

I'loors.  I he  lloors  ol  stables  and  stalls  sh;dl  be  ol  concrete,  not  h'ss  than 
three  (3)  inches  thick,  ui)on  which  shall  be  laid  a dressing  not  less  than  one-half 
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( '2'  'lA'h  thick,  of  comciU,  or  of  stone  laid  in  cement  mortar  in  such  waj-  as  to 
|)revenl  in^'ross  or  egress  of  rats,  and  such  lloors  to  have  a slope  of  one-eighth 
( ' 1 ills'll  pi-'i’  gutter  drains  hereinafter  i)rovided  for. 

It  shall  he  unlawful  to  install  or  construct  or  i)ermit  to  he  installed  or  con- 
structed any  douhle  wall,  douhle  lloor,  or  doid)le  ceiling  with  open  sf)aces 
therein  in  any  building  or  su{)erstructure  used  or  intended  to  he  used  as  a stable. 

Stalls.  Floors  of  stalls  may  he  of  planking,  fitting  together  tightly  to  the 
concrete  tioor,  or  elevated  not  more  than  one-half  {'2)  iuch  from  the  concrete 
lloor  and  so  constructed  as  to  he  easily  removed.  Such  removable  planking 
shall  he  raised  at  least  once  a week  and  the  said  planking  and  the  concrete  floor 
beneath  thoroughly  cleansed. 

(litllei's. — Semicircular  or  V-shajied  gutter  drains  shall  he  constructed  in 
such  stables  in  such  manner  that  the  gutter  shall  he  placed  so  as  to  receive  all 
liquid  matter  from  each  stall  ami  to  carry  it  from  said  stable. 

Manure. — All  manure  in  and  about  all  stables  shall  he  removed  therefrom 
at  least  once  a week,  and  the  same  shall  he  removed  entirely  from  the  premises, 
unless  scattered  as  fertilizer  or  otherwise  utilized,  so  as  not  to  furnish  food  for 
and  attract  rats. 

Mauf^ers. — Each  manger  shall  he  constructed  so  that  the  sides  shall  have  an 
inward  slope  from  top  to  bottom  of  two  (2)  inches  and.  if  made  ot  wood,  shall 
he  covered  with  tin  or  zinc  and  shall  he  at  least  eighteen  ( 18)  inches  deep  to 
avoid  the  spilling  of  food. 

Feed  Bins. — All  feed  bins  shall  he  constructed  of  cement,  stone,  metal,  or 
wood,  and  .with  close-fitting  doors.  If  constructed  ol  wood,  the  bin  shall  he 
lined  or  covered  with  metal  and  the  whole  so  constructed  as  to  prevent  the 
ingress  or  egress  of  rats. 

All  grain,  malt,  and  other  animal  lood.  excejit  ha}’,  stored  or  kejit  in  an}' 
stable  must  he  kept  in  such  feed  bins.  Said  feed  bins  must  he  closed  at  all 
times,  e.xcept  when  momentarily  opened  to  take  feed  theretrom,  or  when  the 
same  are  being  filled.  No  Iced  shall  he  scattered  about  such  bin  or  stable, 
and  all  such  feed  found  on  the  lloor  or  in  a stall  of  such  stable  shall  be  removed 
daily  with  the  manure.  No  foodstults  intended  for  or  suscejitible  of  human  con- 
sumption shall  be  kept  or  stored  in  any  stable  or  aii}’  other  place  where  animals 
are  kept. 

Sec.  10.  d’hat  all  accidental  and  unnecessary  spaces  and  holes,  ventilators, 
and  openings  other  than  doors  and  windows,  in  every  building,  outhouse,  and 

other  superstructure  hereafter  erected  in  the  city  of shall  be  closed  with 

cement  mortar  or  other  material  inqiervious  to  rats  or  screened  with  wire, 
having  not  more  than  one-half  ('2)  inKh  mesh,  as  the  case  ma}'  require,  or  be 
closed  with  galvanized  iron;  and  all  wall  sjiaces  shall  be  closed  with  cement 
mortar  or  other  material  impervious  to  rats,  which  closure  shall  extend  the  full 
thickness  of  the  wall  and  shall  extend  upward  at  least  twelve  (12)  inches  above 
the  floor  level,  and  the  whole  done  in  such  manner  as  to  prevent  the  ingress  or 
egress  of  rats:  Provided.  'I'hat  in  all  buildings,  outhouses,  and  other  super- 
structures of  Class  A,  and  in  all  stables  where  there  are  any  spaces  in  walls 
between  the  wall  ])roper  and  the  co\’ering  of  same,  or  in  ceilings  between  the 
ceiling  and  the  lloor  or  ol  lu'r  ceiling  co\'ering,  both  said  si)aces  shall  be  elimi- 
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iiati'il  liy  ilu'  rfiiu)\al  of  said  co\'oriiig  or  I'lTcol iwly  hlockrd  or  rlosi'd  >o  a>  lo 
l<rcvoiit  llu-  inj;ross  or  cypress  of  rals. 

Sre,  ir.  riiat  all  prom  isos,  impro\’o(l  and  unimpro\'od,  on  all  oi)i'n  lol^, 
aroa>.  slroi’ls,  sidowalks,  alloys,  in  1 ho  oily  of  shall  ho  kopl  cloan  and  free 

Irom  all  rubbish,  as  woll  as  kH)so  nialorial  that  mi^hl  sorvo  as  harboraj^o  for 
rat.s;  and  all  lumbor,  ln).\os,  barrols,  and  loose  iron,  as  woll  as  nialorial  lhal  may 
be  pormiltod  lo  nmiain  ihoroon  and  lhal  may  bo  used  as  a liarboraKn  lor  rats 
shall  bo  jdaood  on  supports  and  olovatod  not  h-ss  than  I wo  ( ’)  fool  fi'om  iho 
ground,  with  a oloar  intor\oning  spaoo  bonoalh  lo  jiroxcnl  the  harlioring  of  rals. 

Si:o.  12,  'I'liat  all  planking  and  jilank  walks  on  and  in  the  yards,  alleyways, 
streets,  sidewalks,  or  other  oiion  areas  shall  la-  romo\'o(l  and  replaced  with 
concrete,  or  with  brick  or  stone  laid  in  r’omonl  or  gravel,  or  the  ground  loft 
bare;  Provided,  Thai  nothing  heroin  shall  apply  to  slroots  or  other  jniblic  places 
jiaved  with  wooden  blocks. 

Skc,  13.  It  shall  1)0  lawlul  to  install  a i:ellar  or  basomoni  in  any  building, 
outhouse,  or  superstructure  hereafter  erected  in  the  city  of  , but  in 

every  such  case  the  cellar  or  basement  shall  be  inclosed  within  solid  walls  of 
concrete,  or  of  stone  or  brick  laid  in  cement  mortar,  or  tiles  of  not  less  than 
nine  (0)  inches,  with  no  ojienings  below  ground  save  lor  plumbing,  and  such 
oi)enings  securely  protected  against  the  ingress  or  egress  of  rats,  and  with  no 
openings  above  ground,  except  doors  and  such  windows  or  light  or  air  vents 
as  will  be  susceptible  of  being  screened  with  wire  screens  of  not  exceeding  one 
half  (’2)  inch  mesh;  and  such  cellars  or  basements  shall  have  the  floor  con- 
structed of  concrete  or  stone  at  least  three  (3)  inches  thick,  or  of  brick  laid  in 
cement  mortar,  and  such  floor  shall  be  hermetically  sealed  to  the  walls  of  such 
cellar  or  Ijasement.  The  doors  or  trapdoors  for  entry  to  such  cellar  or  base- 
ment shall  be  securely  fitted  in  such  manner  as  to  prevent,  when  closed,  the 
ingress  or  egress  of  rats. 

Sec.  14.  Xo  iiermit  shall  be  granted  bj-  the  building  inspector  (or  other 
oflicial  whose  duty  it  is  to  grant  building  permits)  for  the  reconstruction,  altera- 
tion. or  repair  of  any  building,  outhouse,  or  other  superstructure  in  the  city  of 
unless  provisions  shall  be  made  in  the  plans  therefor  for  the  jiroper  rat- 
proofmg  of  such  building  or  superstructure  in  substantial  com{)liance  with  the 
provisions  of  this  ordinance  when,  in  the  judgment  of  the  building  inspector  (or 
other  ottn  ial  whose  duty  it  is  to  grant  building  permits)  it  is  iiracticable,  desir- 
able, or  necessary  that  such  rat-proofing  be  done;  but  in  no  event  shall  such 
reconstruction,  alteration,  or  repair  be  permitted  without  full  compliance  with 
all  the  provisions  of  this  ordinance,  where  the  cost  and  exiiense  of  such  recon- 
struction, alteration,  or  repair  shall,  in  the  opinion  of  the  building  inspector 
(or  other  olficial  whose  duty  it  is  to  issue  building  permits)  eriual  or  exceed 
lorly  f.fo)  per  cent  ol  the  valite  of  the  structure  sought  to  be  reconstructed, 
altered,  or  repaired. 

Si-.c.  13.  1 hat  the  word  person  as  used  in  this  ordinance  shall  be  taken  to 
mean  and  inclitde  firms,  cofiart nershijis,  corporations,  and  persons  of  both  sexes. 

■^Ec.  16,  1 hat  any  ordinance  or  part  of  ordinance  in  conflict  with  the  pro- 
visions of  this  ordinance  is  hereby  rejiealed  to  the  extent  of  such  conllict. 
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Siic.  17.  Should  any  I'art  of  this  ordinance  l)e  declared  invalid,  the  remaining 
portions  shall  not  ihereuiion  he  invalidated,  but  shall  remain  in  full  force  and 
cfTect. 

Six'.  iS.  Poialty. — Any  person  violating  any  of  the  provisions  of  this  ordi- 
nance shall  be  punished  by  line  not  to  exceed ^ or  by  imprisonment  not 

to  exceed or  by  such  fine  and  imprisonment. 

Sec.  iq.  Emergency. — (4'he  clause  declaring  an  emergency  to  be  inserted  if 
nece.ssary  under  local  laws.) 

With  regard  to  the  above  model  ordinance  certain  changes  have  been  sug- 
gested as  follows: 

'I'hat  the  ordinance  be  so  worded  that  its  provisions  shall  apply  to  the  rat- 
prooting  of  buildings  already  constructed  when  such  a procedure  shall  be 
deemed  necessary,  as  well  as  to  buildings  to  be  erected  in  the  future. 

Sec.  2.  “It  shall  be  unlawful  for  any  person  to  maintain  or  construct  any 
building  etc.” 

Sec.  6.  Specify  that  the  top  dressing  of  cement  be  not  less  than  one-half 
inch  in  thickness. 

Sec.  7.  I’ermit  the  use  of  ordinary  mortar  in  the  construction  of  brick  under- 
pinning; also  permit  the  use  of  wooden  posts  for  underpinning. 

Sec.  10.  Specify  that  the  wire  screening  of  not  more  that  one-half  inch  mesh 
shall  be  not  less  than  14  inch  gauge. 

Sec.  13.  Specify  that  the  walls  of  basements  whether  of  brick,  stone,  con- 
crete or  tile,  shall  be  not  less  than  nine  inches  thick.  fSix  inches  is  sufficient 
for  rat-proofing  purposes  but  here  strength  of  construction  must  be  taken  into 
consideration.)  Specify  that  the  one-half  inch  wire  screen  shall  be  of  not  less 
than  14  inch  gauge. 

In  general,  for  rat-proofing  purposes,  walls  should  be  not  less  than  six  inches 
thick  and  floors  not  less  than  three  and  one-half  inches  thick.  Brick  should  be 
laid  on  one-half  inch  of  cement  and  should  have  a top  dressing  of  cement  of  not 
less  than  one-half  inch  in  thickness. 
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TYPHUS  FEVER 

Causative  Agent.  Typhus  is  believed  to  he  due  to  a luiero- 
orgauism  known  as  Rirkritsia  prowazcki.  It  is  pathogenic  for 
monkeys  and  guinea  pigs. 

Source  of  Infection.  The  blood  ol  patients  lia\  ing  tvphus  fever. 

Period  of  Communicability.  During  the  febrile  attack,  especially 
in  the  first  ten  days  of  the  disease. 

Mode  of  Transmission,  ddie  disease  can  be  contracted  through 
inoculation  of  infected  lilood.  In  nature  transmission  is  brought 
about  through  the  agency  of  the  body  louse  {Pcdiciiliis  corporis)  com- 
monly, and  the  head  louse  (Pcdiciilus  humoniis)  occasional! v.  It 
may  be,  that  when  transmitted  by  the  latter,  the  disease  runs  a 
milder  course. 

Period  of  Incubation.  5 to  20  days.  Usually  about  12  days. 

Epidemiology.  Typhus  fever  has  ravaged  armies  in  the  field 
irom  time  immemorial.  Older  descrijitions  of  the  disease  un- 
doubtedly combine  descrijitions  of  typhoid  fever,  for  it  was  not  until 
the  year  1837  that  the  dilierences  between  typhus  fever  and  typhoid 
were  clearly  recognized.  There  has  probably  not  been  a single  war 
in  which  typhus  lever  has  failed  to  take  its  toll,  from  both  the  mili- 
tary and  the  civil  population.  The  disease  was  nearlv  alwavs  pres- 
ent where  there  was  overcrowding  and  lilth,  and  it  has  been  called 
camp  fever,  jail  fever  and  ship  fever. 

During  the  world  war  ty])hus  fever  was  prevalent  in  Serbia, 
Austria-Hungary,  Germany,  and  Russia,  Serbia  suffered  most 
severely,  and  it  has  been  estimated  that  there  were  i7;5,ooo  victims 
to  the  disease.  It  was  rare  on  the  Western  front. 

Typhus  fever  is  endemic  in  some  of  the  larger  European  cities 
and  occasional  cases  are  seen  in  the  United  States,  where  it  passes 
under  the  name  of  Brills  disease.  It  occurs  during  the  colder 
months  ol  the  year,  subsiding  upon  the  advent  of  warm  weather. 
E.xcept  in  high  altitudes,  it  is  |)ractically  unknown  in  the  Troj)ics. 
The  body  louse,  which  is  the  most  important  intermediary  host,  does 
not  seem  to  sur\'i\-e  under  lro[)ieal  condilions.  Eurthermore  in  sum- 
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nicr  clothing  i>  i han”:c(l  mori-  frcaiUKUlly  and  is  made  mostly  ol' 
eotlon  ”:oods.  d'he  disease  is  common  in  the  hif^her  altitudes  of 
Mexcio  wlu're  it  is  known  as  labardillo. 

TL  attacks  all  a|>;es  and  both  sexes  and  is  associated  with  cold 
weather,  oc’crcrowding,  filth  and  squalor, — conditions  under  whic  h 
body  lice  thrive. 

'I'hose  infested  with  vermin  are  especially  liable  to  attack  although 
a high  })ercentage  of  doctors  and  nurses  in  attendance  u])on  typhus 
lever  patients  may  become  infected. 

(3ne  attack  confers  lasting  immunity.  Second  attacks  are  very 
rare. 

In  children  tyidius  fever  has  a low  mortality.  Ikissed  middle 
age  the  case  fatality  rate  may  be  as  high  as  40  or  50^^.  I he 
average  rate  is  about  i 2 to  20%. 

The  bite  of  one  infected  louse  is  sufficient  to  jiroduce  the  disease. 
The  infective  agent  circulating  in  the  blood  is  taken  into  the  stomach 
of  the  louse  at  the  time  of  biting  and  is  then  transferred  to  the  blood 
of  another  individual.  The  exact  method  of  transmission  is  unknown, 
and  it  may  be  purely  mechanical.  The  feces  of  the  louse  have  been 
demonstrated  to  contain  the  causative  agent.  It  would  seem,  how- 
ever, that  several  days  (S  to  q)  must  elapse  before  the  louse  can 
transmit  infection,  and  that  it  probably  remains  infective  ft)r  the  rest 
of  its  life.  It  is  therefore  not  im])robable  ihat  there  is  a definite  life 
cvcle,  part  of  which  is  spent  in  the  body  ot  the  louse.  I he  micro- 
organisms invade  the  cells  of  the  lining  of  the  gut  of  the  louse.  They 
are  intracellular.  A similar  microorganism  is  the  cause  of  trench 
fever  which  is  also  transmitted  by  lice.  Here  however  the  micro- 
organisms are  extracellar  and  there  is  little  swelling  ol  the  cells. 

When  infected  blood  is  inoculated  into  a monkey  intraperitoneally 
or  intravenouslv  there  follows,  alter  an  incubation  of  from  5 to  14 
davs,  a ra])id  rise  of  temperature  usually  reaching  a maximum  ot 
about  4r°C'.  in  3O  to  48  hours.  At  the  end  of  the  febrile  period  the 
temperature  may  decline  gradually  but  more  usually  tails  by  crisis. 
'The  rise  of  temi)erature  is  practically  the  only  definite  index  that 
infection  has  taken  place.  In  guinea  pigs  there  is  a reac  tion  in  the 
genitalia  of  male  animals  similar  but  milder  in  charactei  to  that  seen 
in  ])igs  infected  with  Rocky  Mountain  spotted  fever.  'I'he  reaction  is 
c haracterizied  by  swelling  and  iietechial  hemorrhages  into  the  scro- 
tum, testicles  and  ejiididymus  and  their  envelopes,  due  to  lesions  ol 
the  blood  \-essels.  The-  lesions  ])roducc‘d  by  tyjihus  le\-er  are  micro- 
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M'opic.  'riuTc  i>  ;i  prolil'oralion  and  swi'lliniz  of  tin-  (.‘ndolhclial  ccll-- 
t>l  the  hlood  XA'sst'ls,  lollowc'd  hy  a dc^cncral ion.  Minute  lliroin'hi 
and  small  areas  of  luarosis  may  la'sull.  '['he  causative  ayu'nt  may  he 
demonstrated  in  the  endothelial  ei'lls. 

Recognition  of  the  Disease.  Prodomal  symptoms  may  he 
present,  l)Ut  trcquently  tin-  disease  dc‘\'elo])s  suddenly  with  ehill.'', 
N'omiting,  epista.xis,  ])ain  in  the  head,  hack,  and  limhs.  'The  head- 
ache is  se\'ere  and  persistent,  the  lace  is  lluslual  and  the  eonjunet i\'ae 
injected.  ( ough  is  i)resent  and  prostration  and  delirium  come  on 
early.  I he  le\'er  rises  ra])idly  to  more  or  less,  and  hy  the 

tilth  day  may  reach  105  degrees,  remaining  high  with  sligJit  dail\- 
remission^  tor  about  two  weeks  and  ending  characteristically  h\' 
crisis.  Leueoeytosis  is  j)resent . 'I'he  eru])t ion  a])})ears  on  the  third  to 
tourth  or  litth  day,  lirst  on  the  U])per  part  of  the  chest  and  later  on 
the  arm.-',  abdomen,  and  legs.  'I'he  face  is  ordinarily  free.  'I'he 
rash  at  lirst  la-semhles  the  rose  spots  of  ty])hoid  fever,  hut  is  more 
profuse  and  het'omes  ])etechial  in  character.  As  tlae  disease  acKainees 
])rostration  becomes  ])rofound  and  the  nervous  svm])loms  more  })ro- 
nounced.  ('oma  \igil  is  ])resent  with  suhsultus  tendinum.  In 
tavorahle  cases  there  is  a rapid  termination.  Hroncho-])neumonia 
may  be  a com])lication.  Alild  cases  oi  typhus  fever  occur  during 
epidemics  and  a camrect  diagnosis  may  be  difticult.  Brill's  disease  is 
typhus  fever  in  a mild  form.  Mild  cases  may  l)e  confused  with 
typhoid  lexer  or  in  children  es])ecially  paratyphoid.  I'he  sudden 
onset,  character  of  the  rash,  rapid  termination,  earl\-  prostration 
and  brain  sym])toms  may  be  ol  x alue  in  differential  diagnosis.  How- 
e\-er  it  must  be  kei)t  in  mind  that  in  the  milder  forms  of  typhus  the 
rash  may  not  be  so  protuse,  ])rostration  and  brain  symptoms  may  not 
])e  pronounced  and  the  disease  may  end  by  lysis  rather  than  by  crisis. 
'I'he  j)resence  of  lice,  especially  in  ])atients  from  the  lower  strata  of 
society,  should  7nake  one  suspicious.  'I'he  results  of  the  Widal 
reaction  and  blood  cultures  are  important,  ('onfusion  may  also  arise 
in  the  dillei  enlial  diagnosis  between  typhus  lex'er  and  influenza,  small- 
pox,  cerebrospinal  fex’er,  measles  and  Rocky  Mountain  .sj)otted  fever. 

The  H>//-/''<7/.v  reaction  is  an  important  laboratory  aid  in  the 
diagnosis.  'I'his  is  not  a specitic  reaction  as  it  depends  upon  the 
presence  ot  a proteus-like  microorganism  isolated  from  tin-  urine  or 
blood  of  typhus  fex-er  patients  in  IU15  by  Weil  and  h'elix,  which 
organism  does  not  seem  to  be  et  iologii  ally  connected  with  the 
disease.  'I'hey  hax’e  designated  the  strain  X.j  and  X,,.. 
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'I'o  jierlorni  the  lest  use  a fresh  grown  agar  culture  and  suspend 
in  1.5  cc.  of  salt  solution.  Test  with  the  serum  of  the  suspected 
case  in  dilutions  of  1:25  and  i : 50.  In  cases  of  typhus  fever  the  agglu- 
tination titre  should  rise  from  1:25  on  the  sixth  day  to  1:200  or 
1 : 500  or  higher  on  the  12th  day.  If  the  agglutination  titre  does  not 
rise  as  indicated,  typhus  fever  can  usually  be  excluded.  The  reaction 
appears  during  the  first  week  and  is  at  its  height  during  the  second 
week  and  during  convalescence. 

Methods  of  Control  — -The  disease  should  be  recognized  as  early 
as  possible  by  the  clinical  symptoms,  the  presence  of  lice,  the  social 
status  of  the  patient  etc. 

The  patient  should  be  isolated  in  a vermin  free  room  and  the 
hair  should  be  clipped  from  the  head,  body  and  pubic  region.  The 
clippings  should  be  destroyed  by  burning.  The  body  should  then 
be  washed  with  soap  and  water  followed  by  kerosene  or  the  kerosene 
Jelly  may  be  used.  The  head  should  also  be  treated. 

Attendants  should  wear  vermin  proof  clothing. 

Exposed  susceptibles  should  be  quarantined  for  14  days  from 
date  of  last  exposure. 

Clothing  should  be  treated  to  destroy  vermin  and  rooms  should 
be  kept  vermin  free. 

When  there  is  evidence  of  louse  infestation  persons  coming  from 
infected  areas  should  have  the  body  and  clotliing  subjected  to  a 
delousing  jirocess. 

There  is  no  method  for  producing  artificial  immunity. 

For  delousing  methods  see  Page  156. 
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TRENCH  FEVER 


Causative  Agent.  Trench  fever  is  due  to  a resistant  iilterahle 
x'irus  whicli  is  jn'esent  in  the  blood  ])]asnia  of  patients  having  the 
disease.  This  virus  is  resistant  to  drying  and  is  killed  at  a tem])era- 
ture  of  70  degrees  moist  heat,  for  30  minutes.  A microorganisin 
--  RickcHsia  quintana — has  been  described  as  the  cause. 

Method  of  Transmission.— The  disease  is  transmitted  in  nature 
by  the  Pedi cuius  corporis. 

Period  of  Communicability.— Throughout  the  course  of  the 
disease.  More  communicable  during  the  first  and  second  day. 

Period  of  Incubation.— 14  to  30  days. 

Epidemiology.  Trench  fever  is  common  among  armies  in  the 
trenches  and  is  the  cause  of  much  disabilitv  among  troops  and  a 
great  lessening  of  man  power,  although  it  is  not  important  as  a 
cause  of  death. 

The  e.xact  way  in  which  the  louse  transmits  the  disease  is  not 
known,  excej)t  that  it  is  through  the  bite.  The  insect  need  not 
remain  long  on  the  body  to  intect.  Ihere  is  some  evidence  that  a 
delinite  life  cycle  takes  place  within  the  body  of  the  louse.  The 
virus  may  also  be  present  in  the  feces  of  the  louse,  and  it  is  possible 
that  excrement  may  at  times  also  act  as  the  infecting  agent  by  being 
rubbed  into  the  wound  made  at  the  time  of  biting.  The  virus  is 
also  present  in  the  sputum,  feces  and  urine  of  the  patient. 

Recognition  of  the  Disease.— Sudden  onset  with  headache  and 
pains  in  the  legs  and  back.  Post  orbital  pain  particularly  when 
e\es  are  moved;  dizziness;  nystagmus  on  turning  eyes  com])etely 
sideways;  injection  of  conjunctivae  and  sharp  rise  Jf  temjierature 
to  J03  degrees  or^io4  degrees  T.  which  in  one  half  the  cases  subse- 
quently assumes  a relapsing  character.  Three  tyjies  of  the  fever 
exist,  a short  attack  lasting  about  a week  with  sometimes  a single 
short  rise  alter  a few  days;  a more  prolonged  initial  fever  which  may 
last  for  6 or  7 weeks  with  relapses  not  distinctly  marked;  more  com- 
monly a lever  which  relapses  with  more  or  less  definite  normal 
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inlcrx  als,  lasting  Irom  5 lo  7 days.  \ ariations  from  these  types  are 
not  uncommon. 

The  sixteen  is  enlarged;  sinall  erythematous  .sj)ots  are  ])resenL 
in  70  to  80%  of  the  cases  on  the  chest,  l)ack  and  aljdomen.  They 
are  ])ink  in  color  and  disapj)ear  on  jmessure;  often  disapi)ear  in  less 
than  24  hours;  in  numbers  they  vary  from  several  to  one  or  two 
hundred.  The  time  of  their  a])i)carance  not  constant,  d'he  rash 
may  be  distinctly  ]ui])ular. 

The  urine  mav  show  a trace  of  albumen.  I he  leucocyte  count 
is  \ ariablc.  Freciuentlv  there  is  a leucocytosis  but  at  times  the  blood 
is  normal  or  there  may  be  leucopenia. 

The  number  of  relapses  varies,  3 to  live  periods  are  common. 
Some  attacks  have  6 to  seven  relapses. 

Recovery  usually  occurs  in  from  5 to  6 weeks. 

Methods  of  Control.—  Success  in  prevention  lies  in  the  destruc- 
tion of  lice.  (See  ])age  156.)  A temperature  which  will  kill  lice  is 
not  high  enough  to  destroy  the  virus.  This  probably  has  little 
signiticance  as  under  natural  conditions  it  is  lice  that  transmit  the 
virus  to  man.  Htiwever  the  sputum,  urine  and  feces  of  the  patient 
should  be  sterilized. 
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RELAPSING  FEVER 

Causative  Agent.  Relapsing  lex  er  is  due  to  a jjrolozoon  ])arasite 
belonging  to  the  Prollagellala  and  to  the  Genus  Borrclia.  d'he 
Spiroehaetes  of  relapsing  fe\-er  vary  somewhat  in  their  speeilic 
eharaeteristies  depending  upon  tlie  geographical  location  of  the 
disease. 

Method  of  Transmission.  Relapsing  fevers  may  be  divided 
into  two  grou])s,  de])ending  upon  whether  they  are  louse  borne  or 
lick  borne.  The  louse  borne  relapsing  fevers  include  the  Euroi)ean, 
North  African,  the  Indian  and  the  Xorth  American.  The  tick 
borne  relapsing  fcwers  include  the  African,  the  Persian  and  the  C'entral 
and  South  American. 
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Xorth  .\merican 

B.  novyi 

Lice 

European 

B.  rccHnriilis 

Lice  and  bed  1)Uks 

Indian 

B.  carlrri 

Bed  ic  III  US  corporis 
Pcdicidus  Ilian  onus 

Xorth  .\frican 

B.  hcrh.'ra 

Pcdiculus  corporis 
Pcdicidus  liunianus 

East.  West  and  South  .Africa 

B.  dutloni 

Ornilhodoros  mouhala 

Persian 

B.  pcrsica 

( hnithodoros  savii^n  vi 

South  -Vnierican 

B.  )iovyi 

Ornilhodoros  turicata 

Panama 

B.  novyi 

Orn  it  hod  or  os  t aiaje 

Period  of  Incubation. 

7 to  lo  days. 

Epidemiology.  - In  the  case  of  lice,  spiroehaetes  enter  the  body 
caxity  through  the  stomach  wall.  I his  takes  j)lace  between  the 
second  and  eighth  day.  Infection  results  not  from  the  bite,  but 
from  crushing  the  louse  and  rubbing  the  contents  of  the  body  cavity 
into  the  wound  made  at  the  time  ot  biting.  Lice  mav  be  said  to  be 
cai)able  ol  tran.smitting  the  ijileclive  agent  during  two  j)eriods; 
I'lrsl,  just  after  inbibing  inlected  blood,  and  again  after  two  or  more 
days  when  the  spiroehaetes  enter  the  body  caxdtx'.  .\fler  the  si.xth 
(ki\  theii  inlec  tix'ity  becomes  less  and  h“ss.  It  has  been  shown  that 
inlection  may  be  transmitted  to  the  ])rogenv. 
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111  llu'  case  of  licks,  the  spirochetes  are  taken  into  the  stomach 
from  tlie  circulating  lilood,  jiass  through  the  stomach  walls  and  into 
the  body  cavity,  finding  their  way  to  the  ovary,  the  eggs,  the  mal- 
pighian  tubules  and  coxal  glands.  The  disease  is  not  transmitted  dur- 
ing the  act  of  biting,  but  results  from  scratching  into  the  wound  made 
at  the  time  of  biting,  the  discharges  from  the  malpighian  tubules 
or  coxal  glands.  Infection  is  transmitted  to  the  progeny,  so  that 
the  immature  ticks  may  transmit  the  disease.  OrniUwdoros  mou- 
hata  is  the  intermediate  host  of  Borrelia  duttoni.  It  infests 
houses  especially  rest  houses  along  the  routes  of  travel,  living  by 
day  hidden  within  the  cracks  and  crevices  in  walls  and  floors  w'here 
it  also  lays  its  eggs,  coming  out  at  night  to  bite.  About  loo  eggs 
are  laid  and  from  these  fully  formed  nymphs  emerge,  the  larval 
stage  being  spent  within  the  egg.  The  nymphs  may  transmit  the 
disease  as  the  spirochete  is  transmitted  by  the  female  to  her  progeny. 
Both  adult  males  and  females  transmit  the  infecting  agent.  The 
act  of  biting  occujiies  about  one  hour.  Like  the  bedbug  they  do 
not  wander  far  of  their  own  accord  but  may  be  carried  in  bundles  of 
clothing.  The  other  ticks  transmitting  the  disease  are  somewhat 
similar  in  their  habits.  Relai)sing  fever  frequently  attacks  children 
in  severe  form.  One  attack  of  relapsing  fever  conveys  some  im- 
munity in  that  older  persons  who  have  had  the  disease  in  childhood 
may  suffer  from  mild  attacks  and  thus  serve  as  carriers  by  harboring 
the  si)irochetes  in  the  circulating  blood.  The  relapse  so  character- 
istic of  the  disease  is  caused  by  those  spirochetes  that  have  resisted 


the  action  of  antibodies. 

Relapsing  fever  is  more  or  less  common  in  many  parts  of  .\frica 
Asia,  Europe,  etc.  and  is  occasionally  present  in  North,  Central  and 
South  America.  Ei)idemics  of  rela])sing  fever  are  not  infrecjuently 
associated  with  e]:»idemics  of  typhus  fever,  both  being  louse  borne 
diseases. 


The  case  fatality  rate  is  5%  to  20%. 

Recognition  of  the  Disease.  The  disease  is  characterized  by  a 
sequence  of  several  febrile  periods  lasting  about  4 days  sei)arated  by 
afebrile  periods  which  last  from  4 to  8 days,  although  these  vary 
depending  upon  the  degree  of  immunity  conferred  by  a previous 
attack  or  by  the  jiarticular  species  of  spirochete. 

d'he  fever  rises  rajiidly  to  about  i04°E.  continues  high  for  3 or  4 
days  and  drops  by  crisis  to  be  followed  by  the  period  of  apyrexia 
during  which  the  patient  feels  much  belter.  The  crisis  may  be 
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acroinpaiiird  hy  syiii]>t()iTis  ol  collapst’,  sweating,  great  prostration 
and  eardiae  wi-akness.  Other  syni])tonis  are  severe  lieadaclu’  with 
l)ains  in  haek  and  limbs,  nausea  and  \'oiniting,  a1)senee  of  delirium, 
aeeelerated  pulse,  preeordial  distress,  tough,  tenderness  and  moder- 
ate enlargement  ol  spleen,  tenderness  ox’er  t he  lix'er,  jaundice  and 
polymorphonuclear  leucoevtosis. 

1 he  most  important  diagnostic  leature  is  ol  course  the  presence 
of  spirochetes  in  the  circulating  blood  during  the  febrile  attack. 
They  are  few  in  numbers  or  absent  during  the  afebrile  period. 

1 he  disease  mat'  be  contused  with  malaria,  dengue,  smallpox. 

Salvarsan  and  neosalvarsan  are  specific. 

IVTcthods  of  Control.  Ifestruction  ol  the  insect  hosts  would 
seem  to  be  logical.  This  is  a diftlcult  accoin])lishment.  In  many 
places  where  relapsing  fever  is  common,  the  natives  are  very  indiffer- 
ent and  their  cooperation  hard  to  secure.  In  the  tick  borne  relaps- 
ing  lew  ers  ot  Alrica.  white  tra\'elers  should  avoid  nati\'e  rest  houses 
and  should  sleep  in  hammocks  or  beds  isolated  so  that  ticks  can  not 
crawl  up  the  legs.  The  louse  borne  infections  require  delousing 
similar  to  methods  of  combatting  typhus  fever. 
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ROCKY  MOUNTAIN  SPOTTED  FEVER 

Causative  Agent.  Unknown.  Possibly  a Rickettsia-like  micro- 
organism which  Wolbach  has  named  Dcrmacentroxcuus  rickcttsi. 
A non-tilterable  virus,  pathogenic  for  man,  monkeys,  guinea  pigs  and 
white  rats,  and  at  least  six  varieties  of  the  small  wild  rodents  found 
in  the  Rocky  IMountain  region.  Larger  domestic  animals,  like  sheep 
and  cattle,  seem  to  be  immune. 

The  virus  dies  within  a few  days  outside  of  the  animal  body  or  the 
arthropod  host.  It  is  destroyed  by  grinding  and  loses  its  ability  to 
infect  after  15  days  on  ice,  after  thirty  minutes  exposure  to  a tem- 
perature of  50  degrees  C.,  and  within  one  and  two  days  after  complete 
dessication. 

Source  of  Infection.  The  blood  of  infected  animals;  infection 
occurs  only  by  inoculation.  In  nature  this  is  brought  about  through 
the  bite  of  a tick,  usually  Dcnnaccntor  andersoni,  or  the  rabbit  tick 
Ilacniaphysalis  leporis-palustris,  both  of  which  are  cannmon  in  the 
locality  in  which  the  disease  occurs.  Experimentally  other  ticks 
have  been  shown  to  be  capable  of  transmitting  infection.  The  tick 
remains  infected  throughout  its  life  and  the  female  can  transmit  the 
virus  to  her  progeny.  Adult  ticks,  both  male  and  female,  larvae  and 
nymphs  are  capable  of  transmitting  the  infection  after  feeding  on 
infected  blood,  and  the  infection  is  i)assed  on  from  one  stage  to  the 
other. 

Incubation  Period.  This  is  variable,  it  may  be  as  long  as  1 2 days, 
usuallv  four  to  seven  days. 

Epidemiology.  In  nature  the  ^•irus  is  probably  carried  by  small 
wild  rodents  and  from  this  source  ticks  become  infected.  I mler 
experimental  conditions  the  virus  may  be  kept  alive  by  passage 
through  guinea  jngs.  0.5  to  5.0  cc.  of  infected  defibrinated  blootl, 
blood  serum  or  corpuscles  may  be  inoculated  subcutaneously  or  intra- 
peritoneally.  After  a period  of  incubation  of  from  two  to  live  days, 
a rise  of  temperature  ensues  reaching  its  height  on  the  lifth  to  seventh 
day  when  swelling  and  oedema  of  the  scrotum  and  testicles  devel- 
Vulvar  changes  may  occur  in  the  female,  d'he  spleen  is  large 
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and  conm'stcd . 'Fhc  soU's  of  tlu‘  foci,  and  cars  arc  con, nested  and 
macules  may  hi-  ol)scr\'cd  on  the  body.  I'anacialion  is  rai)id  and 
death  u>ually  oiaurs  alti'r  a wci'k's  illness.  If  death  does  not  ensue 
ria'ox'i'ry  is  slow,  and  may  he  accompanied  hy  slou,nhin,n  of  the  scro- 
tum and  loss  ol  the  ears.  .Microscopical  lesions  are  found  in  the 
h|ood\-i‘ssels,  similar  to  those  seen  in  t\'phus  fe\’er. 

I he  disease  has  heim  transmitted  to  laboratory  animals  by  allow- 
iiyn  them  to  be  bittern  by  ticks  which  ha\e  fed  on  the  blood  of  infected 
animals. 

Rocky  Mountain  Spotted  I'CN'cr  occurs  in  the  Rocky  .Mountain 
and  I’aeilie  States  east  ot  the  ('oast  Raiyne  mountains.  It  has  been 
reiiorted  Irom  ('alilornia,  ()re,L!:on,  Washington,  .Montana,  Idaho, 
Nevada,  Utah,  Wyomiiyy,  C'olorado,  and  .Maska.  In  the  Hitter  Root 
\ alley  ot  Montaiia  the  disease  is  limited  to  the  western  side  of  the 
\'alley. 

1 hc“  disease  attacks  both  sexes  and  all  ajtes.  One  attack  confers 
lasting  immunity. 

I he  great  majority  of  cases  occur  l)etween  the  openin.g  of  spring 
and  midsummer,  a few  are  contracted  as  late  as  .\ugust. 

I he  Rocky  iMountain  fever  tick  is  rural  in  its  distribution  and 
man  becomes  infected  only  by  accident.  Those  whose  occupations 
take  them  into  the  woods  and  fields,  lumbermen,  engineers,  sheep 
herders,  camjiers,  etc.,  - are  more  liable  to  contract  infection, 
although  others  may  be  infected  from  ticks  brought  to  them  on  live 
stock.  The  disease  is  therefore  a rural  rather  than  an  urban  disease. 

Life  History  and  Habits  of  Dermacentor  andersoni.-  (See 
pa, tie  iQ.p) 

Recognition  of  the  Disease.  The  onset  of  the  disease  is  similar 
to  other  acute  erujitive  tebrile  diseases,  the  svmptoms  varying  in 
degree.  There  are  chills  or  chilly  sensations,  severe  headache  and 
pain,-,  in  other  jiarts  of  the  body,  llushed  face  and  injected  and 
\ellowish  conjunctivae.  Mjiistaxis  is  common.  .V  macular  roseolar 
eruption  may  apjiear  on  the  lace,  neck  and  upjier  part  of  the  thorax 
as  early  as  the  second  day,  but  the  characteristic  iietechial  eruption 
ajipears  about  the  third  or  fourth  day  on  the  forehead,  wrists  and 
ankles,  spreading  to  the  arms,  le,gs  and  trunk.  'I'liis  ])etechial  erup- 
tion may  become  purpuric  in  character,  (langrene  of  the  ears, 
lingers,  toes,  scrotum  or  ])enis  may  occur.  J.eucocytosis  is  pre.sent. 
.Mbumin  and  casts  are  lound  in  the  urine  in  about  50'^y  of  the  cases. 
Delirium  is  commonly  present  although  the  mind  may  remain  clear 
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tliroughout  llie  disease.  The  temperature  rises  rapidly  to  a moder- 
ate height  where  it  remains  for  a week  or  ten  days  and  then  drops 
by  Ivsis.  Tile  eruption  may  at  times  be  seen  on  the  palms  of  the 
hands  and  the  soles  of  the  feet.  Jaundice  is  common.  'J’he  case 
fatality  rates  vary  according  to  locality  from  4 to  75%;  in  Idaho 

I 

4 /( • 

Clinically  the  disease  resembles  typhus  fever  very  closely  but 
cross  immunization  experiments  have  shown  the  two  diseases  to  be 
distinct. 

Methods  of  Control. — Prevention  lies  in  reducing  the  number  of 
ticks  to  a safe  minimum.  Burning  over  infested  areas  has  been 
suggested,  thus  destroying  ticks  and  preventing  the  development  of 
the  eggs. 

Domestic  animals  should  be  dipped. 

Sheep  grazing  should  be  practiced  extensively  over  tick  infested 
areas.  This  is  probably  the  most  practical  method.  Ticks  soon 
die  in  the  wool  of  sheep,  for  they  find  it  dificult  to  move  in  the  thick 
wool,  becoming  entangled  in  the  hairs  they  cannot  feed  and  they 
starve.  Also  the  lanolin  plugs  their  breathing  spiracles.  C'opula- 
tion  does  not  take  jilace. 

It  has  also  been  suggested  that  wild  animals,  especially  the  small 
rodents  be  destroyed.  This  is  a difficult  and  e.xpensive  matter  to 
accomplish. 


Dipping  Solution  for  Cattle. 

Sodium  carbonate,  pounds 24 

.Vrsenious  O.xide  f.\s;0:i),  ixuinds S 

Pine  tar,  gallons 2 

tVatcr  to  make  gallons 5°° 


.A  stock  solution  may  be  made  by  dissoK  ing  the  soda  in  25  gallons 
of  water,  adding  the  arsenic  and  boiling  until  combined.  When 
coolefl  to  i40°P.  add  the  pine  tar  slowly  while  stirring,  'bhis  con- 
centrated solution  may  be  diluted  in  the  dipping  vat  when  required 
for  use.  d’o  be  effcacious  the  final  solution  must  contain  0.2%  of 
arsenious  acid.  In  the  above  formula  it  is  therefore  belter  to  use 
pure  arsenious  acid  or  a somewhat  greater  cjuantity  ol  the  cx'm- 
mercial  form. 

'fourists  should  be  careful  in  cam])ing  where  infected  ticks  arc 
known  to  be-  common. 
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TSUTSUGAMUSHI  FEVER 

(Japanese'  l\i\’('r  l''(‘\-(.'r) 

Causative  Agent.  I’nknown. 

Methods  of  Transmission.  'I'hc  disease  follows  the  bite  of  an 
infewted  mite  ( Trombicida  akamushi)  in  its  larval  stage. 

Source  of  Infection.  IIow  the  mite  becomes  infected  is  unknown. 
'File  virus  circulates  in  the  blood  of  the  i)atienl  and  this  blood  when 
inoculated  into  monkeys  and  small  rodents  ])roduces  the  disease  in 
these  animals.  Rodents  trapj)ed  in  the  locality  and  from  which 
infected  mites  may  be  taken  do  not  seem  to  l)e  affected  with  the 
disease,  although  it  is  possible  that  they  may  act  as  reservoirs  of 
infection. 

Period  of  Incubation.  From  four  to  ten  davs. 

Epidemiology.  I'he  disease  is  limited  to  the  immediate  vicinitv 
of  one  of  the  rivers  on  the  Island  of  Xijtpon,  Jai)an,  which  overtlows 
its  banks  inundating  the  adjacent  land  during  periods  of  flood. 
I his  occurs  about  the  month  of  June,  the  disease  following  in  July 
or  August  among  those  who  have  worked  the  ground  after  the  floods 
have  subsided.  1 he  disease  is  said  to  occur  akso  in  F'ormosa. 

The  life  history  of  the  Redani  mite  does  not  differ  materiallv 
from  othi-r  mites.  'Fhe  larva  i.s  \ery  small  and  bright  red  or 
orange  in  color.  The  nymphal  and  adult  forms  do  not  bite  but  li\e 
on  vegetable  juiies.  Blood  is  obtained  by  the  larvae  usuallv  from 
the  small  rodents  of  the  locality  esi)ecially  the  field  mouse  {Arvicola 
halancdzumi)  on  which  they  congregate  about  the  ears.  The  larva 
develo])s  into  an  octopod  nymph  which  after  one  or  perhaps  mori' 
moults  becomes  the  fully  formed  acarine,  which  may  be  found  under 
fallen  leaves  or  decayed  vegetable  matter  in  the  inundated  area. 

'Fhe  infection  is  carried  over  from  the  larval  stage  to  the  nymphs 
and  adults  but  as  they  do  not  bite  llu'y  are  not  dangerous  to  man. 

I he  disease  does  not  develop  alter  the  bite  of  similar  mites  in 
other  localities  nor  are  all  mites  inlectix'e  in  the  infected  localitw 

Recognition  of  the  Disease.  I'he  prodromal  symptoms  are 
headache,  malaise  and  anore.xia.  d he  onset  begins  with  a c hill 
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lollowcd  by  a rise  in  temperature  which  in  4 or  5 days  may  be  very 
high  reaching  105  degrees  F.  d'he  pulse  is  only  moderately  acceler- 
ated. ('ough  is  ])resent.  In  about  seven  days  after  the  fever  begins 
a rash  a|)j)ears  tirst  on  the  tace  and  then  extending  to  the  trunk  and 
extremities.  'I'he  rash,  at  first  large  red  blotches,  may  become 
pajmlar  never  petechial  -and  begins  to  disajipear  during  the  second 
week  when  the  temperature  also  begins  to  drop.  Examination  of 
the  body  will  disclose  a more  or  less  boil-like  swelling  which  sloughs 
at  the  centre  leaving  an  ulcer.  'J'his  represents  the  site  of  the  bite. 
The  glands  draining  the  bitten  area  are  somewhat  swollen  and 
tender.  Leucopenia  is  present  and  the  sjileen  is  usually  enlarged. 

Methods  of  Control.  - .\c'oid  the  infested  locality  during  the 
season  of  prevalence  of  the  mite. 
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sickness). 

.A,i;astopsylla,  12S 
attilis  (Laelaps),  204 

(Onesiai,  loi.  102 
■At;ria,  go 

akamushi  (Trombicula ),  200,  427 
tdaskensis  ( brancilia).  104 
( Sterin<;om\'ia),  loi.  102 
albimanus  (.Anoiiheles),  2t),  40 
habits,  48,  244 

.Albumin  in  yellow  feeer,  2()y 
alcedo  ( .Sarcophat;a ).  05 
.Aldrich,  J.  AI.,  qo,  04.  227 
aldrichia  (Sterinymmyia),  loi,  202 
.Alectorobius.  187 
.Alexandrian  rat,  215 
alexandrinus  (Rattus),  215 
.Alinienlare  tnict  of, 

.Acarina,  177 
.Anopkira,  144 
Cimex,  1(12 
(‘ulicidae.  15 
insects,  2 

Aluscoidean  Ilies,  74 
Orthoptera,  108 
Siphonaptera,  114 
'ridianidae,  44 
licks,  1 70 

.Allodermanyssus.  204 
Allot hrombidiu m,  201 
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alpina  (SU'riiifioinx  ia),  too 
Amhlyoninia,  1.S5,  10(1 

Anurican . key  to.  uj; 

Aniorii-aii  ((ic'kroacli.  i()S 
americana  ( Periplaneta  ),  lOS 
anu’ricanum  ( Amlilyoninia  I,  H)(),  108 
anu'rk'amis  ( 1 loplopknira  1.  15J 
ampcloiiliila  (sec  melanop'asler). 
Amphi|)S\lla,  125 
Anal  jinxnes,  1 78 
Analfjesidae,  181,  207 
Anatomy  of. 

Acarina,  175 
A no]  dura,  143 
('hironomidae,  50 
Cime.x,  160 
Culicidae,  10 
1 )iptera,  4 
ln.secta,  i 

moscjuito  larvae,  18 
Aluscoidean  flies,  62 
Aluseoidean  fly  larx  ae,  74 
Orlhoptera,  i6q 
I’sychodidae,  51 
Simulidac,  50 
Siphonaptera,  112 
'I'ahanidae,  53 
licks,  I 77 

andersoni  ( Dermacentor),  174,  103,  324 
.Angora  goals,  lice  of.  151 
annulatus  ( Hooixhilus),  190 
anomalus  (I  Io[)lo])syllus)  137 
Anomioi)syllus,  122 
.\nopheles,  27,  28.  34,  239 
breeding  [>laces  of,  240 
carriers  of  malaria.  23(),  242,  243 
descrii)tion  of,  34 
estix’ation,  243 
hibernal  ion.  243 

si) ccies  adults,  kcx’  to.  28 

sj) ecies  larx  ac,  key  to,  30 
.Xnojflicline  mosquitoes 

distinguishefl  from  culicines,  23 
eggs  of,  23 
larxae  of,  24 
[)osition  at  rest,  23 
])Uj)ae  of,  25 
wings  of,  23 
Anoplura,  143 
anatomy  of, 
abdomen,  144 
alimentary  tract,  144 


.\nojflura,  anatomy  of  head,  143 
legs,  144 
mouth  i)arls,  143 
thorax,  144 
classilication  of,  i4() 
descrii)tion  of,  143 
diseases  transmitted  by,  i4() 
eggs  of,  143 
eradication  of,  136 
key  to,  I 33 
nym]ihs  of,  143 
•Antarctophthirus,  134 
.\ntennae,  i,  4,  3,  12,  18,  22.  33,  64.  112, 
160,  1 08 

of  mos(juitocs  to  differentiate  the 
sex,  22 

.\ntennal  groo\-es,  64,  112 
.\ntennal  plate,  64 
.Vntepygidial  bristles,  116 
.\nthomyia,  108 
.Vnthomyiidae,  8.  107,  109 
anthroj)ophaga  ( Bengalia),  io() 
Antimosquito  measures, 
in  malaria,  249 
in  yellow  fex'er,  2()8 
antiriua  (llxdemyia),  108 
■Vnus,  location  of,, 

.Kcarina,  \ 

Cimex,  162 
Si[)honaj)tera,  117 
ticks,  1 78 
Apatolestes,  38 
ajximaculata  (.Vnojiheles),  29 
.\l)iochaela,  39 
Aixxlcme,  (>7 
Aj)onomma,  183,  rqt) 

.Vjiophyscs,  178 
Arachnida,  174 
.Vracopsylla,  1 29 
Archaeojisylla,  122 
.\rchibald,  R.  (!.,  227 
Argas,  184,  183,  i8() 

.\rgasidae,  184,  1S3 

differentiation  from  Ixodidae,  184 
.Argopsylla  (see  Rchidnophaga). 
argyritarsis  (.\noj)heles),  29,  30 
habits,  38,  243 
.\rilus,  164 
.\rista,  4 

.\rsenic,  as  cattle  di]),  326 
as  rat  jxiison,  303 

.\rs[)henamine  in  rekqxsing  lex  er,  323 


i\ni:x 


Artliropoda, 

(k'l'mition  of.  i 
ili\'isions  ol . i 

how  llu'\'  lausc  (lisoasc.  to 

-.d' 

\r\  icola  liatanod/.unii.  .’oo 
\si  hi/.a.  5.  7,  ()0 
\silidao.  7,  51) 
asini  1 1 lacniatopimis),  150 
Aspirator\'  phar\  n.\,  15.  (>(>,  1 14 
Ass,  louse  of.  150 
■ Vssassin  I)Ul:s,  it>4 
assidua  (Sarcophaj^a),  (),•;,  ()7 
assiinilis  (IMusciiia),  S5 
astia  (XenojisNlla),  144 
Astigmatic  miles,  iSo,  207,  joS 
.itropos  I .Xnoplieles),  2() 

.\typhloeeras,  i2() 

.\uchmeromyia,  (jo,  lof) 
auris  ( Raillietia),  204 
auslralasiae  1 Periplaiieta),  16S 
Australian  cockroach,  i()S 
australis  (Luciliat,  104.  104 
( Hoophilus).  I ()o 
autumnalis  (Leplus),  201 
( Musca),  So 

Au\iliar\'  \ ein  (see  costal  \'ein). 

Hahesia  hifremina.  igo,  244 
Hacillus  peslis,  J()<) 

Ilea  and,  204 
Hacot,  \\'.,  2()i 
hacoti  (Li[)on_\-ssus),  204 
Bacterial  \ irus  to  kill  rats,  40t) 

Bacterium  tularense,  2S5,  2()S 
Banks,  Nathan,  log,  iSo,  iS.S,  i()7,  201. 
202,  20S,  227 

harhirostris  f.\no])heles),  244 
Barn  swallow  l)U}4,  1 4() 

Basicosta  (see  suhe[)auk  l ). 

Basis  caiiituli,  1 77 
Bats,  1hi"s  of,  I 4S,  1 5<) 

Bdella,  iijo 
Bdellidae,  1S4,  igcj 
Beard,  (>■; 

Bedhuns,  1 sg 

diseases  Iransmilled  By.  1 (see  also 
( 'imex). 

heecheyi  i('itellus),  2 1 .S 
hellator  ( .\nopheles),  21; 

Bellolar\n\,  So 
Benyudia,  ly;,  loB 


nil  hloride  of  mercury,  as  an  inseclic  ide, 
for  hedhuys,  1 (>~ 
for  |)uhic  lice,  1 47 
Bioloi4i(  harriers  in  malaria,  2h2 
Birds,  lii  e of,  1 .(4 

mill's  of,  Kjg.  204,  204,  207.  210,  ."’ll 
hisetosa  ( Sa rcophaya ) . (),( 

Bitiny  lice,  i .(4 
Bitin, y ,M  uscidae,  S(i 
Black  rat , 214 
Black  heel  le,  1 <>S 
Blalella,  i()S 
Blatta,  lOS 
Blattidae,  ifiS 

Blood  smears,  thick,  in  malaria,  J4I) 

Blood  suckiiyy  .Musidae,  80,  So 

Blow  dies,  ()4.  07 

Blue  Bottle  dies,  gS 

hohac  ( Marmota),  21S 

Body  louse,  147 

Bomhyliidae,  7 

Boophilus,  1S4,  igo 

Borax  treatment  of  manure,  S4 

Borhoridae,  g,  ()i 

Borhorus,  hi 

Boreelus,  100 

Bot  dies,  77 

houeti  ( Cimex),  150 

ho\'is  ( Ilypoderma ),  75 

( Boophilus,  see  annidalus''. 
Brachycera,  5,  44,  40 
liomodactsda,  4.  4,4 
heterodacl,\la,  4,  40 
Bradiopsylla,  124 
hrasiliensis  (XenojisN'Ila),  144 
l-irassicae  ( 11  \lem_\'ia),  loS 
Break  hone  fe\  er  (see  I teliyue  fe\  er). 
Breathiny  s|)iracles  (see  spiracles,  hrealh- 
iny). 

Brealhiny  tuhes,  20,  21,  40,  41.  stg  ho 
Breeze  dies,  44 
Brill's  disease,  ,4 1 7 
Bristles  (see  setae). 

Brown  rat  ,214 
Bryohia,  200 
Buhonic  jila.yue,  2Sg 

hacillus  ol , 2SS,  2i)g 
control  of,  401 
epidemioloyy  of,  28g 
examinalon  of  rats  for,  400 
deas  and , 2Sg 
in  yround  s(|uirreB,  2()S 
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3,^-^ 

Bubonic  plague,  in  guinea  pigs,  2q8 
in  rats,  2C)t) 

jH-riod  of  coninuinicahilily,  289 
period  of  incul)ation,  289 
prognosis  in,  296 
recognition  of,  294 
rodents  and,  289,  290 
susceiUibility  of  certain  mammals 
to,  298 

transmission  of,  289 
treatment  of,  2q() 

Bucca,  (>5 

Buccal  cavity,  15,66, 114, 144,  171 
Buffalo  gnats,  50 
Bugs,  158 

bullata  (Sarcophaga),  9,?,  96 
Bursa  copulatrix,  1 1 7 
B\am,  William,  227 

Cabbage  root  juaggot,  108 
cadaverina  (Cynomyia),  100,  102,  104 
Cadicera,  57 
caecata  (Tunga),  130 
caecigena  (Tunga),  130 
Caenopsylla,  123 
Caesar  (Lucilia),  103,  105 
caesarion  (,Cr\-ptolucilia) , 85 
cajennense  (.\mblyomma) , 197,  108 
calcitrans  (Stomoxj's),  86 
life  history,  87 

California  ground  scpurrel,  218 
Calliphora,  100,  loi,  102,  104 
Calliphoridae,  8,  97,  109 
descrijjtion  of,  97 
genera,  key  to,  99 
habits  of,  98 
larx’a  of,  98 

Cal!i[)horini,  key  to,  100 
Callisto[)S\llus,  122 
Callus,  54 

Calypters  (see  s(iuamac), 

Calyptratae,  (),  8,  62 

Camp  fever,  315 

Camptops,  90 

Camptopyga,  90 

Canestriniidae,  181,  207 

canicularis  (l  anniaj,  107 

Canine  [)iroi)lasmosis,  carrier  of,  iqi 

canis  (Cteiioceplialus) , r3S 

Caparina,  209 

ca[)illatus  (Solenoi)tes),  151 

capitis  (see  Inimanus). 


Capitulum,  175,  177 
cardinalis  (Bdella),  i()9 
Cardo,  170 
Caris,  i8() 

carnaria  (Sarcophaga),  03 
Carpoglyfduis,  207 
Carriers,  human,  in  malaria,  239 
detection  of,  24(1 
treatment  of,  261 
Carter,  11.  I'.,  227 
Caruncle  (see  pulvillus). 
casei  ( l‘io[)hila) , 61 
Castellani,  Aldo,  227 
Cat,  tlea  of,  136 

itch  mite  of,  210 
louse  of,  150 
Catallagia,  123 
Cattle,  dip,  326 

fever,  Texas,  190,  235 
lice  of,  15  r 
tick  of,  190,  IQI 
warbles  in,  75 
Cephalic  glands,  179 
Cephalo-thorax,  175 
Ceratixoides,  189 
Ceratonyssus,  204 
Ceratoiihcdlidae,  137 
Ceratophyllus,  125,  137 
Cerci,  15 

Cervical  grooves,  178 
Cervophthirus,  155 
Chaetopsxlla  (see  Trichopsylla), 
Chagas  disease  (see  Brazilian 
tr_\'panosomiasis,  284 
Chalmers,  A,  J.,  227 
Chaoborinae,  25,  28 
Chaoborus,  28 
Chapin,  C.  W.,  2S5 
Clieek,  65 
Cheese  lly,  61 

Chelicerae  (see  mandibles), 
cheopis  (Xeiiopsylla),  133.  290,  291, 
-"Q4 

Chiasto])s>’lla,  123 
Chickens,  Ilea  of,  131 

mites  of,  204,  210,  211 
siiirochaetosis  of,  carr.er  of,  185 
tick  of,  185 
Chick  11.,  2c)3 
Cliig,ger,  201 
Cliigoe,  130 
t'liiliops.vlla,  1 28 
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('hini;u'ri>ps\ll;i . 127 
('liirononiidiU',  (>,  50 
C'!iiro|)tfrops\lla , 1 -U) 

Chloroform,  as  a killiipu  a.m'iit  for  insi'cts. 
.';:o 

in  myiasis.  io() 

ohordoilis  ( 1 laomaitliN  salis) , loi 
(,'horiopU‘s.  J0(),  -MO 
Choristopsylla.  125 
Chrysomyia  (soe  Cocliliomyia). 

Chr_\sops,  57,  5S 
ClivK'tidai.',  1S2,  log 
Chyziria,  201 

I'iliata  ( I’soropliora) , 31,  ,^2,  4() 
cimhicis  (Sarcophaga),  04 
Cimcx,  15S.  !•;(),  i('3 

Anatomy  of,  abdomen.  it)2 
alimentary  tract,  1(12 
head.  1(10 
legs.  i()2 

mouth  ])arts,  1(10 
thorax.  i(>o 

diseases  transmitted  by,  150 
eggs  t)f,  164 
habits  of.  1 50 
immature  forms,  163 
Cimieidae.  158 

classification  of,  1(14 
genera  of.  i.vS,  1O4 
species  of.  150-  C'4 
Circulatory  system  of  insects,  2 
Citellus,  21.S 
Clas])  filament,  15 
Chisfiette,  15 

Clas[)ing  organs  (see  genitalia  male). 
Claws  of, 

.\carina,  176 
Aedes,  acgy[)ti,  4,5 
Anoplura,  145 
Cimex,  162 
Culieidae,  15 
Diptera,  5 
I’upipara,  in 
Siphonajitera,  118 
ticks,  178 

Clearing  agents,  227 
Clearing  in  malaria  control,  252 
Cleo|)sylla.  127 
climax  (Trichodeetes),  151 
Clinoeoris  (see  Cimex). 

Cloyer  mite.  200 
Club  of  antenna,  i 13 


( 'l\  |>eus,  I o.  54,  (14,  I (><) 

Cnemidocoptes,  20() 

Coaretate  ])Ui>a,  75 
Cocliliomyia,  oi),  105 
Cochroach,  iti8 

as  intermediate  host,  i 7 2 
eradication  ol,  172  (see  also  ()rthop- 
tera). 

Coniomt  iidae,  7 
Collateral  reading,  226 
Collecting  insects,  210,  247 
Colleterial  glands,  1 18 
coloradensis  (Sareophaga  1,  (15 

(Calliphora),  101 , 102 
columbiae  t Psorojihora),  31,  32,  4(1 
columbianus  (see  montanus). 

Communis  (I’soroptes),  210 
( Sarco[)haga ),  1)3,  07 
Compsomyiojis,  oo 
Comstock,  J.  II,,  14,  227 
Cone  nose  bugs,  165 
Congo  door  maggot,  106 
Conorhinus,  1(15 

Control  of  diseases  (see  disease  in  (|uestion). 

Coojier,  W.  k'.,  227 

Co[)topsylla,  122 

Corcthra,  28 

Corethrella,  28 

Corethrinae  (see  Chaoborinael. 
coriaceus  (Ornithodoros),  188 
corporis  (Pediculus),  i4(),  147,  148 
and  disease,  140 
Corypsedla,  120 
Costal  spine,  72 
Costal  \’ein  or  costa.  13 
Coxa  (sec  legs!. 

Coxal  glands,  i 71) 

Crab  louse.  140 

Cragg,  k.  \V.,  i,;3,  225.  22O,  202 

Craneojisylla,  12(1 

Creel,  R.  II.,  305 

Creeping  eruption,  7(1 

Cricetinae,  213 

Crista  metoiiica,  200 

cristatus  (.\rilus),  iti.t 

Crithidia,  232 

Cross  \’eins,  14,71 

Croton  bug,  i()8 

crucians  ( .\nopheles),  20,  30,  31,  32 
habits  of,  30,  24  [ 

Crustacea,  i 
Cr.N'ptolucilia,  70,  85 
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334 

('ry])tosti,L:nialic  niiu-s.  iSo 
Ctcnidium,  iiS 
Ctcnoc'i'plialus.  122,  1,^5 
('tenoparia,  127 
CtcMKijilit lialmus,  i2,s 
('tcnopsyllus  (see  Lei)to]is\Ha). 

CAilex.  27.  28,  2() 
ejms  of,  24 
lar\  ae  of,  24 
pupae  of,  25 
Culieidae,  (>,  10 

anatomy  of,  abdomen,  15 
alimentary  tract,  15 
antennae,  22 
genitalia,  15 
head,  10 
larva,  18 
lefts,  15 

mouth  parts,  10 
pupa,  20 
thorax,  12 
winjis,  13 

Anopheles,  key  to,  adults,  28 
lar\-ae,  30 
Anophelini,  34  (see  anopheline  mos- 
quitoes,), 

classification  of,  22,  25 
collection  of,  247 

Culicini,  27  (see  culicine  mos(iuitoes). 
diseases  transmitted  by,  230,  264, 
274,  276 

dissection  of,  223 
genera,  key  to,  adults,  2() 
larvae,  28 

identification  of,  22,  25 
larvae,  key  to,  28,  30,  32 
life  history  of,  2 1 

method  of  control,  .\no])heles,  250 
Aedes  aegypti,  2(>() 
sex,  differentiation  of,  13,  22 
sjiecies,  ke\'  to,  adults,  30 
larvae,  32 

sulifamilies,  key  to,  25 
Culicinae,  23,  2(1,  34 
Culicine  mosfiuitoes,  27,  31) 

dislinguislied  from  anojilu-lines,  23 
])osition  at  rest,  23 
wings  of,  23 
Culisela,  27,  28 
cuniculi  (Culi'ri'bra),  y(> 

( 'uterelira,  73,  7<> 
c\ani\ent ris  Isi’c  hominis). 


Cyc  lops,  232,  278 
Cyclorrhaplia,  3,  7,  60 
Cxnomyia,  100,  102,  104 
Cyloleicliidae,  1 8 r , 211 
Cyloleichus,  21  i 

I fasyfisylla,  124 
Deer  liy,  38 

Deer  fix'  fever  (see  tularaemia), 
Deinocerites,  27,  28 
Delousing,  136 
Demodex,  21 1 
Demodicidae,  181,  21 1 
Demodicoidea,  180,  i8r,  21 1 
Dengue  fever,  274 

causative  agent,  274 
epidemiology,  274 
insect  host,  habits  of,  263 
method  of  control,  273 
mode  of  transmission,  274 
period  of  communicability,  274 
period  of  incubation,  274 
recognition  of,  274 
source  of  infection,  274 
Dermacentor,  183,  iq2 
Dermacentroxenus  rickettsi,  323 
Dermal  glands,  170 
Dermanxssidae,  203 
Dermanyssinae,  202 
Dermanyssus,  204 
Dermatobia,  73,  7(1 
Dexiidae,  8 
Diachlorus,  37 
I )ichoiHic  eyes,  33 

Digestive  system  (see  alimentary  tract  1. 
Digits,  178 

dimidiata  (Chrysojis),  278 
Dinopsylla,  i2(> 

1 finothrombidium,  201 
I )i[)lothrombidium,  201 
Di[)]nng  solution  for  cattle,  32(1 
I )i|)tera,  4 

Anatom}-  of 
alidomen,  3 
head,  4 
legs,  3 

mouth  parts,  4 
thorax,  4 
wings,  3 

classification  ol,  3 
description  of,  4 
families,  ke_v  to,  6 
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nipu-ra.  iiK'tanuirphosis  1)1. 

I liMal  cell,  5’  5^*'  / ^ 

I >i>i  al  sclcritc.  07 
<liscalis  ( ( 'lir\ sops).  .sN.  ’S5 
I >iscascs.  liDW  transmitted  h_\'  Anlhro- 
pods.  J.D 

1 tiseases  of  rats,  2 i 5 
I >isi)aripes.  ’07 
llissei'lion  of  insects, 

Ititchinrjin  malaria  control,  ’50 
1 )i\ i'rsi[)e?.  -'07 
1 )i\a.  jS 
I >i\inac,  26,  2S 
1 toit,  llca  of.  I jt5 
louse  of,  1 50 

piroplasmosis,  ca rrier  ol , 101.  iy(i 
ticks,  of.  i()i.  It)-’.  103.  U)S 
I )olicho])S\  lla.  124 
Dolicojrodidae.  7 
domestica  (IMusca).  .S2 
chigger  of,  201 
extermination  of,  S3 
life  histor\-  of,  S2 
domesticus  ( Cilyciphagus),  207 
1 toratopsylla,  12S 

I )orso-submedian  porose  ])lates.  17S 

Dracunculus.  2 78 

Drainage  in  malaria  control.  230 

Dried  fruit,  mite  of.  207 

Drips,  oil,  in  malaria  lontrol.  253 

Drone  tly,  60 

1 Irosophila,  61,  locj 

1 trosophilidae,  ij 

dugesi  (I’ulex),  133 

Dung  tly,  61 

Dutton's  membrane,  10 

Dear.  H.  (i.,  23.  28.  227 

Dysenter\',  house  ll\'  and,  232 

Kar  tick,  spinose,  1S7 
echidninus  (Laelaps),  204,  234 
]-A'hidnopliaga,  121,  13) 
|•A■hinophthiriidae,  1 34 
ICchinophthirus,  134 

Economic  considerations,  in  malaria,  245 
rats,  216 

Kclo[)arasites,  definition  231 
of  rats,  2 1 () 

Dcto-skeleton,  2 

Mgg  I ase  of  roaches.  i<)8 

ifggs  of 

Aedes  aeg\  pti.  24 


I'.itgS  of 

Anophelines.  23 
Anoplura.  143.  i4‘'')  i4') 

( 'hironomidae.  30 
('imex,  103 
Culex,  24 

reilii  Lilu'.  14.S.  I 4<) 

I’hthirus  pubis.  14)) 
l’s\’i'hodidae.  3 1 
Simulidae,  3 1 
Siphonaptera.  1 1 .8 
eiseni  1 .\nopheles).  2(),  30 
electus  (sec  eariabilisl. 

Elephantiasis,  278 
elongata  ( t'alliphora  I,  loi,  102 
(Lucilia),  103 
El\  tra,  i()2 

emasculator  (Cutcrebra),  76 
Emblemasoma,  ()r 
Emjjidae,  7 
Empoflium,  3,  33 

Endamoeba  hystolytiia  and  Ilies,  232 
Enderleinellus.  133.  133 
Endoparasites,  definition  ol,  231 
of  rats,  2 1 (1 

Entomology,  delmition  of,  i 
Jfntonyssus.  203 
Epaulet,  72 
Eliiandrum,  170 
Epicephalon,  63 

E[)idemiological  considerations,  231  to  238 
Epigynum,  17(1 
Epimerum,  11(1 
E[)ipharynx,  114,  171 
Episternum.  ii() 
ifpistoma,  64 
E{)istome,  175 
equi  (Daslrophilus),  77 
eejuina  ( Hip{)obosca  1,  iii 
e(iuinus  ( Horborus ',  ()i 
Eradication  of 
bedbugs,  163 
Ileas,  140 
horse  Ilies.  37 
house  tlies,  83 
lice,  138 

moS(|uiloes,  adult,  260 
larxae,  230.  2(10 
rats,  303  to  3oq 
roaches,  172 
Eriophychu-.  181,  2 1 r 
Eristalis,  <)0.  loi) 
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c“rr;iticus  (Cuk'x),  ,^i,  ,u 
crythr()ci'i)li:ila  (Calliphora ),  loi,  102, 
104 

I'kicorc'llira,  2S 
Kuliaematopininae,  154 
I'Aihaeniatoiiinus,  154 
I'Ailinognathiis,  153,  155 
I'Aipodidae,  183,  iqq 
I'Aip()doi{k'a,  181,  I S3,  iQO 
eurysternus  ( Ilaematopinus),  151 
I-AiUiromhidium,  201 
I'AvinR.  II.  K.,  201,  203,  206 
lAxamination  of  insects,  223 
of  rats  for  plague,  300 
kxpodite,  117 

Extrinsic  period  of  inculxition,  234 
exuberans  (Sarcophaga),  96 
Eyes,  dichoptic,  53 
glabrous,  53 
holoptic,  53 
of  .\noplura,  143 
of  Cinie.x,  163 
of  Culicidae,  10 
of  Diptcra,  4 
of  Insects,  I 
of  mites,  176 
of  Simulidae,  50 
of  Tabanidae,  53 
pilose,  S3 

Eace,  63 

Eacial  bristles,  64 
Carina,  64 
plate,  64 
Eacial ia,  64 

Eacio-orbital  bristles,  64 
Eahrenholzia,  1 55 
falciformis  (Sarcophaga),  95 
falculata  (Sarcophaga),  9O 
h'alx,  1 20 
Eannia,  107,  109 

larvae  of,  107,  109 
farinae  (Tyrogl>’[)hus),  207 
fasciata  (see  aegypti). 
fasciatus  ( ('eratoph}lkis),  138 
fatigans  (see  ciuiiK|uefasciatus). 
felis  (Ctenocephalus),  136 

as  intermediate  host,  136 
femorata  ( I’hora),  59 
fenestralis  (Scenopinus),  S9 
I'erris  (1.  1'.,  153,  227 
ferruginea  (.\piochaeta),  59 


I'Vstoons,  1 78 

I'ilaria  bancrofti,  infection  from,  27S 
complications  and  sequellae,  278 
ejhdemiology  of,  276 
insect  host,  habits,  277 
life  history  of,  277 
mode  of  transmission,  276 
])eriod  of  communicability,  276 
j)eriod  of  incubation,  276 
source  of  infection,  276 
I'ilaria  diurna,  278 
Filariasis,  276 

I-'illing.  in  malaria  control,  251 
in  Paj)pataci  fever,'  280 
Filth  ll\-,  82 

F'ish,  in  malaria  control,  256 
in  yellow  fever,  270 
Flagellates  in  insects,  232 
Fleas,  1 12 

and  [ilague  290  to  293 
biting  of  man  by,  294 
(see  also  Siphonaptera). 

F'lcsh  flies,  93,  104,  105 
F'lour  mites,  207 
F'ly  paper,  84 
traps,  83,  84 
Follicle  mite,  174,  21 1 
folliculorum  (l)emodex),  174,  21 1 
Folsom,  J.  W.,  227 
Foot  scab  of  sheep,  210 
Forceps,  91 
Forest  fly,  in 
F'ork  cells,  14 
Forwarding  insects,  223 
F’ovea,  178 
F'owls,  tick  of,  185, 

F’racticipita,  119,  120 
Francilia,  103 
F'rancis,  Fidward,  286 
Frons,  10,  O2,  112 
Frontal  bristles,  63 
Assure,  64 
lunule,  64 
notch,  1 12 
suture,  64 
tubercle,  112 
Frontalia,  03 
Fronto-orbitals,  (>4 
Fidcrum,  ()(> 

fuliginosus  (Anopheles),  243 

F'ulturae,  144 

fuK  asler  (Chrysoj)s),  59 
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fuK  iiH's  (('oniiisoinyio|)s),  <)() 
l'unii,i;alion  to  kill  iiisocls,  14’,  i.St),  D'.Si 
t 7o 

fuiiioola  ( M u ronouriinii'),  (u 
I'liria,  (>7 

1 iisilorin  aroas  of  lly  lar\  ;u',  74 

(lad  ilic?.  54 
(laloa.  170 

gallinaci'ti  ( EidiidnophaKa),  14:: 
gallinac  (t'lU'niidocoptos),  2to 
(Deriiix  atiyssus),  204 
(laniasiis  (si'i'  I’arasitiis). 

(laml)usia  aflinis,  25() 

(lamcte,  244 
(lametocyte.  244 
(larha.uc.  can  for.  85,  408 
(lastrojihilidae,  78 
Gastrophilus.  74.  77 
Gena.  64,  1 1 2 
Gcnal  process,  1 1 2 
Genital  ajierture.  mites,  170 
(.lenitalia,  male,  of 
Anoplura,  144 
moscjuitoes.  15 
Muscoidean  flies,  72 
Psychodidae,  51 
Sarcophayddae,  91 
Siphonaptcra,  117 
Genovertical  plate,  64 
German  cockroach,  16S 
fiermanica  llflatella),  16S 
Glircs,  212 

Gliricola  porcelli,  157 
Glossina,  70,  79,  87 

life  history,  of,  88,  2S2 
sleeping  sickness  :ind,  281 
Glyciphaftus.  207 
Goat,  louse  of,  151 

.\nc'or:i.  louse  of,  151 
Goeldia,  2(1 

Gold  fish,  in  mosriuitu  control,  250 
Goniops,  48 

Goniopsylki  (see  Xotiopsylla). 

Gonopods,  144 

grahhami  (.Anopheles),  2(),  40 

Grain  itch,  204 

Grassho[)]ier,  chigger  of,  201 

Gray  rat,  214 

Green  bottle  dies,  104 

Green,  (’.  'I'.,  227 

grisea  (Symphoromyia  t,  49 


( irocer's  itch,  207 
(■round  squirrel  of  California,  218 
Ileas  of,  1 47- 
louse  of,  I 44 
plague  in,  208 
( luinea  pig.  louse  ol  ,141 
jilague  in,  208 
Guinea  worm,  278 
Gupiiy,  247 
GvrojHis  ovalis,  141 

habraeum  ( .\mblyomma),  197 
llaemagogus,  2(1.  27 
1 hiemalastor.  i8() 

Haemaphysalis,  184,  i()i 
llaematobia,  80,  88 

I laematobosca,  80 

I I tie  m a t o m \’zi  (1  a e , 144 
Ilaematomyzus,  14  i 
llaematophagous  dies.  So 
Ilaematopinidae,  144 
Hacmatopininac,  144 
Ilaematopinoides,  154 
Ilaematopinus,  140,  144 
Ilacmatopota,  47 
llaematosiphon,  149 
IIacmodi[)sus,  141,  145 
Haemogregarina  canis,  carrier  of,  196 
hacmorrhoidalis  (Gastrophilus),  78 

(Sarcophaga),  94,  96 
Haffkine  prophylactic,  29(5 
Hair  clasjnng  mites,  208 
Hairs  (see  setae). 

Halarachinae,  202 
Halarachne,  204 
Haller’s  organ,  1 79 
Halteres,  4,  14,  71 
Harbcckia,  90 
Harfiagones,  14 
llarpago])yga,  91 
Harpes,  14 
flarx’est  mites,  200 
Htiustellum,  67,  144,  17S 
hawaiiensis  (laielaps),  204 
1 lead  of  Anoplura,  i()8 
Chironomidae,  50 
Cimex,  i()o 
Culicidae,  to 
Muscoidean  dies,  62 
( trthoiitera,  i()8 
Psychodidae,  51 
Simulidae,  40 
Si])honaptera,  112 
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llrad  of  'I'al);uii(lai',  5.? 

1 lead  louse,  1 40 

Heart  water  fe\er  in  slieej). 

( arrier  of,  i ()t) 

Heated  air  to  kill  hedhujis,  it); 
Hcctops\'lla,  I I 
helicis  ( Sareo[)haf4a),  q(> 

Hemelx  tra,  i,sS 
I lemiplera,  15S 

some  familiar  e.\ani[)les.  15S 
hemipterus  (Cimex),  164 
habits,  i5() 

licrmsi  (Triehodectes),  151 
Herpetomonas  pediculi,  242 
Hcterodoxus  lon^ilarsus,  i 50 
I lexactenopsv'lla.  i2() 

Hind  sut  (see  alimentary  tract). 
Ilippelatcs,  ()i 
lIip{)obosca,  1 1 1 
Hippoboscidae,  iii 
Hippoccntrum,  57 
hirta  (Symphoromyia),  40 
hirundinis  (Oeciacus).  150 
Histiotoma,  207 
Hok-  louse  of,  1 4 1 
llomalomc  ia  (see  l-'annia). 
hominis  ( Dermatobia),  ;() 
Hoplopleura,  142,  144 
lIoplopsN  Hus,  122,  1,56 
llormopsylla,  i2q 
Horn  tly,  SS 
Horse  bots,  77 
Horse  tly,  44 
Horse,  louse  of,  140 
Horse  ‘‘  tick,"  i r i 
Host,  definitive,  244 
intermediate,  244 
House  Hy,  S2 

and  intestinal  diseases,  241 
House  mouse,  214 
Howard,  L.  ().,  2cS,  227 
humanus  ( I’ediculus),  i4(),  149 
hunteri  (Sarcophay'a),  (;4,  ()4 
Hyalomma,  1.S4,  lyt) 

Hydracarina,  iSo 
Hydrotea,  107 
Hylemt'ia,  107 
Hypoderma,  75 
1 lypopelta,  (jo 

I lypopharynx,  10,  53,  1 1 4)  'TH  ‘75 
Hypojilithirus,  155 
Hypopus,  177 


H\-[)opy),dum,  14 
Hyiiostome,  174,  I7(S 
Hypso[)ht halmus,  127,  i2cS 
Hystrichojisylla,  127 

Ichoronyssus,  204 
Imparities,  207 
Impounded  water,  252 
Indian  rat,  214 

Ilea  of,  144 

inodorus  ( Haematosiphon ),  140 
Insecticides,  for  bedbugs,  165 
fleas,  140,  142 
lice,  146,  157 
roaches,  172 

Insects,  and  disease,  231 

clearing  s[)ecimens  of,  221 
collecting  siiecimens  of,  210 
dissection  of,  223 
examination  of,  223 
forwarding  of,  223 
general  rlescription  of,  i 
killing  agents  for,  2iq 
metamorjihosis  of,  3 
orders  of  interest  in  [ireventive  medi 
cine,  3 

firescrN'ing  s[)ecimens  of,  222 
sectioning  of,  22O 
staining  of,  224 
insignis  ( I’hilaematom\  ia),  S6 
1 ntegricipita,  no,  120 
Intestinal  diseases  and  Hies,  231 
Intestines  (see  alimentar}'  tract), 
irritans  (Haematobia),  88 
(Leptusj,  201 
(I’ulex),  133,  290 
Crrombicula),  201 
IschnopsN'llus,  I2Q 
Itch,  grocer's,  207 
human,  209 
Itch  mites,  208 
Ixodes,  184,  188 
Ixodidae,  182,  184,  188 

differences  between  .\rgasidac  and 
184 

genera,  key  to,  184 
l.xodoidea,  180,  182,  183 
families,  key  to,  182 
general  descri|)tion  ol,  183 
lxodorh\-nchus,  204 

Jail  fever,  414 
Janthinosoma,  40 
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Ja|>;im'S('  Ri\cr  fcNxr.  ,^-’7 
1^0 

Jolilolia,  :(i 

jolinsiini  (Sari'diiluiua),  o*' 
jiilinsDiiia.  DO 
John'liiniana.  20: 

Kala-a/.ar,  siisju'cti'd  earring  of.  1 <(),  170 
Ki'dani  niiti',  ’oo.  ,^’7 
Ki  lloi;.  \’.  L..  I 7 T,  ’ ’ 7 
ki'llyi  (Sarcophay'a  I.  (17 
Key  to  tiu' 

Ai  arina,  faniilii-p.  i Si 
suporfaniilii's.  iSo 
Amhlyomma.  spocics,  017 
Anopheles,  adults,  ’S 
larx  ae,  ,^o 

Apu|)lura,  families,  subfamilies  and 
fienera,  15,^ 

Anthom\-iidae,  fjmiera,  107 
Arfiasidae,  genera,  184 
Calliphoridae,  genera,  im 
t'alliphorini,  species,  100 
Culicidae,  subfamilies, 
genera,  adults,  2O 
larx  ae,  28 
species,  adults,  30 
larvae,  32 

1 )erman_\ssidae,  subfamilies  and  gen- 
era, 203 

J tijilera,  families,  0 
fxodidae,  genera,  1S4 
lairvae  causing  myiasis.  100 
Luciliini,  sjiecies,  103 
Aluscidae.  genera,  7(1 
Oestridae,  genera.  73 
( frnithodoros,  sfiecies.  188 
I’arasilidae,  subfamilies,  202 
Sareophaga,  species.  04 
Sarcophagidae,  genera,  (jo 
Sarcoptidae,  genera,  208 
Siphona|)lera.  genera,  120 
Tabanidae,  genera.  57 
'rarsonemoidea.  families  and  genera. 
20tl 

Trombidiidae,  genera.  201 
Killing  agents  for  insects.  2i() 

King,  11.  11.,  227 
Klinojihilos  (see  Cime.N). 

K nab,  I .,  28,  227 

Koch-Weeks  bacillus,  carrier  ol,  (n 

Komp,  W . 1 1.  \V  .,  30,  40 


I .abellac.  I o.  33.  t'7 

Labial  gut  ter,  <>7 

Labial  salivar\'  glands.  3^1,  7.) 

Labium.  10.  3,pti7.  Dio,  Dh).  171,  173 
Labrum,  itio.  i(h) 

Labrum  i’piphar\'n\,  4,  10,  53,  f>7,  i 14 

Lai  inia,  1 70 

Laelaps,  204 

Laminosioples,  2 1 1 

Largaro])s\lla,  130 

Lar\a  of 

acarines,  177 

.\edes  aege  pti.  24 

anophelines.  24 

causing  myiasis,  key  to.  loij 

Chironomidae.  30 

C'ule.x,  23 

insects,  3 

mosc|uitoes,  18.  24,  23 
keys  to.  28.  30.  32 
Aluscoidean  llies.  74 
Psychoididac.  3 i 
Sarcophagid  flies.  03 
Simulidae,  30 
Sifihonaptera.  i 1 8 
'Pabanidae.  3(1 
Licks,  180 

],ar\acides,  in  malaria  control,  233 
latifrons  ( (.'alliphora  I,  101.  102 
latisetosa  ( Sarcojihaga ),  07 
latisterna  ( Sarcojdiaga).  <14 
Latrine  lly.  T07 
latus  ( Trichodectes),  130 
Laws,  model  (see  ordinances), 
leachi  ( 1 laemaphs-salisl,  101 
Lebistes  reticulatus.  237 
lectidarius  (Cim.exi.  130.  D'O,  1(14.  2i)o 
Legs  of,  acarines,  i 7(1 
.\noplura,  144 
( 'liironomidae,  30 
Cimex,  1(12 
insects.  2 
mosquitoes,  13 
PsN’cliodidae.  31 
Simulidae.  3 1 
Siphonaptera,  1 1 ^ 

'I'abanidae,  33  57 
t icks,  178 
I .eiognat  bus,  204 
Le|iidopht  hirus,  134 
Lepidoselaga , 37 


340 


INDEX 


leporis-paluslris  (1  Iac'nia]ili  vsalis),  iqt, 
.124 

Lcptidae,  7,  50 
Eepto])sy!Ia.  127,  140 
Leptospira  icteroidcs,  264 
Leptus,  201 
Lice.  144 

of  the  ass,  151 
cat,  150 
cow,  151 
doR,  150 

ground  scjuirrel,  154 
ttuinea  ])ig,  151 
hoK,  151 
horse,  151 
man,  145 
monkey,  150 
rabbit,  15 1 
rat,  15 1 

sheep,  15 1 (see  also  .\no{)lura). 
Lisula,  1 71 
Limatus,  26 

lineata  ( Ilypoderma),  76 
Lingula,  171 
Linognathinae,  154 
Linognathoides,  153,  156 
Linognathus,  150,  155 
Liponyssus,  204 
Listroj)horidae,  208 
Listropsylla,  124 
Little  house  tly,  107 
Lloyd,  LI.,  227 
Loa  loa,  278 
Locust,  chigger  of,  201 
Loemopsylla  (see  Xenopsylla). 

Lone  star  tick,  196 
Longitudinal  veins,  13,  14,  71,  12 
Lucilia,  100,  103,  104 
Luciliini,  kej'  to,  103 
ludlowi  (.\nopheles),  243 
Lunula,  4,  64 

luteola  (Auchmeromyia),  106 
Lutzia,  27 
Lyco[)sylla,  122 
Lyperosia  (see  IIaematol)ia). 

Lyperosiops,  80,  88 

maccllaria  (Cochliomyia),  99,  105 
Maegregor,  M.  Iv,  227 
Macrogametocyte,  244 
.Macropsylla,  127 
maculatum  (.\ml)lyomma),  197 


maculipcnnis  (.\no[)helc.sl,  30,  38 
maculipes  (.\noi)heIesJ,  29 
Maggot  trai),  S3 
MalacopsvIIa,  123 
Malaria, 

biologic  barriers  in,  262 
blood  index  in,  246 
carriers  of,  human,  239,  246,  261 
carriers  of,  insect,  239,  242,  243 
causalis'c  agent,  239,  243 
destruction  of  adult  mosquitoes,  260 
economic  considerations  in,  245 
epidemiological  study  of,  245 
epidemiology  of,  239 
history  index  in,  246 
mode  of  transmission  of,  239 
mosfjuito  survey  in,  247 
parasite  of,  life  history,  243 
period  of  communicability,  239 
period  of  incubation,  230 
prex’ention  of  mosquito  breeding,  249 
protection  of  healthy  persons,  261 
quinine  prophylaxis  in,  261 
recognition  of,  247 
screening  in,  262 
seasonal  prevalence  of,  245 
source  of  infection  in,  239 
splenic  index  in,  246 
thick  smears  in,  246 
treatment  of  carriers,  261 
Malarial  mosquitoes,  34  to  39,  239  to  243 
area  to  be  controlled,  259 
breeding  places,  24a 
control  of,  249  to  260 
habits  of,  240  to  243 
malefactor  ( .\noplieles),  29,  30 
Mallophaga,  143 

and  .\noplura  differences  between, 
143  (see  also  lice). 

Malpighian  tubules,  2,  i8,  56,  73,  116,  144, 
163, 171,177,  179,  322 
Mammals,  naturally  infected  with  jilague, 
212 

susceptible  to  plague  infection,  298 
Man,  Ilea  of,  133 

itch  mite  of,  209 
louse  of,  147,  149 

Mandibles,  10,  18,  53,  74,  114,  160,  169, 
1 7.S)  1 77i  178 

Mandil)ulo-basal  articulation,  114 
Mansonia,  21,  27,  28 
■Manubrium,  117 
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,Ur 


M anuri'.  hins  for.  S ^ 
ilisposal  of.  Sp  S4 
“ M;m\’ loinl)"  Imirs.  1 v'^ 
Marfiarojtus.  10 1 
niar^iiiata  (Sarc'ophaKa),  05 
Mannola  lioliao.  ’iS 
.Marmot,  Sihirian,  JiS 
tU-a  of.  2 I S 
.Martin,  C'.  J.,  .’oi . 

Mass  inoculations  in  rat  jilaunc,  ’07 
Maxillae,  10.  54.  114,  1 ''O.  1 '>0 
McCoy.  C.  M’..  .’<S5,  jo.S,  20Q 
M edical  cntomoloK.''j  <ic!init  ion  ot , i 
medinensis  1 1 tracunculus).  ’7S 
mediopunctalus  (.\nophclcs),  2U 
.Mei;a[)sylla  (.see  .Malacopsylla). 
MeRarhinini,  26 
MeKarhinus,  2(1,  jS 
McKarthrofjlossus.  122 
meKistus  ((.'oiiorliimis),  itys,  -'‘^4 
mcfinini  (( trnithodoros),  1S7 
meigenii  (Wohlfahrtia),  q4 
melampyga  1 Sarcophaga),  04 
Melanodexia,  qS.  qq 
melanogaster  (Drosophila),  fu 
)Meloi)hagus,  iii 
iMend)rane,  pleural,  4 

pseudulracheal,  54,  67 
Menolepsis,  26 
Mentuni.  20,  67.  i 7 1 
(Mesembrinella,  ()q 
Mesopsxlla,  124 
.Mesostigmatic  mites.  iSo,  202 
Metacc[)halon,  (>4 
melallica  ( l’rotocallij)hora),  ()q 
.Metamor[)hosis,  4 
.Melastigmalii'  mites.  iSo.  i S4 
Metatarsus.  14,  i 7S 
meteorica  (Ifydrotea),  loS 
.Mexican  hedinig.  1O5 
miacantluis  (I’olyplax),  141 
Miamxia,  2(> 

■Miami  hug,  1.S4 
.M  icrogametoi  yte.  244 
.M  icroneurium,  (;  1 
.M  icroj)sylla.  122 
.M  icrolhromhidium,  201 
.Midges,  50 
.Millions,  247 
ndniatus  (.\rgas),  1X4 
ndnimus  f.Xnopheles),  244 
mimiius  1 I’ldehotomus),  42,  27Q 


•Mites,  174  (see  also  .\carina). 
cattle,  ear  mile,  204 
cloxiT,  200 
llour,  207 
hair  clasi)ing,  20, X 
harvest,  200 
itch,  20S 
Kedani,  200,  427 
of  fowls,  1S4,  204,  210,  211 
of  man,  200 
of  mice,  iqo 
of  rats,  204,  207,  210 
of  sheep,  2 ro 
pulmonary,  204 
red  s|>iders,  iqq 
snout,  iqq 
sirinning,  iqq 
straw  itch,  205 
sugar,  207 

troublesome  to  man,  174 
Moeopsx'lla,  121 
molestus  (Tydeus),  iqq 
Monkey,  louse  of,  140 
mite  of,  204 

Monopsylla  (see  Ceratophyllus). 
montanus  (Linognathoides),  144 
morsitans  (Clossina),  87,  282 
morticia  (Calliphora),  102,  103 
mortuorum  (Cynomxaa),  100,  102 
Mosejuito  control,  .\nopheles,  240 
.\edes  aegypti,  26q 
Moth  midges,  41 

moubata  ( ( frnithodoros),  iSO,  18S,  422 
Mounting  insects,  220 
Mouth  |)arts  of.  .\carina,  174 
.Vnoiilura,  144 
Cimex,  i()0 
Culicidae,  10 
1 )i[)tera.  4 
Insects,  I 

Mosquito  larvae,  iS 
iMusca,  (14 
.Muscoidean  (lies,  (>4 
( )rtho])tera,  i(iq 
I’hilaematomyia,  68 
Siphonajitera,  1 1 4 
Stomoxys,  <>8 
'I’abanidae,  44 
'I'icks,  177 
Muridae,  214 
M urinae,  2 1 4 
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Mus,  2 I ^ 215 
-Musi  a.  70.  So 

muscaruni  ('I'i-()iiil)i(liuni),  201 
Muscidao,  S.  70 

ilt'iK'ni,  ki'v  lo,  7() 

Muscina.  70,  S5,  to() 

-Muscinac,  loi) 

Muscoick'a,  a(.al\  ptralae,  5,  S,  ()i 
cal\’i)t ratac,  6,  S.  62 
-M uscoidcan  llics,  anatomy  of,  62 
abdomen.  72 
alimentary  tract.  7,5 
liead,  62 
moutli  parts.  67 
thorax,  70 
wiiiKs,  71 
larva  of.  74 
pupa  of,  74 

musculi  (Leptopsylla).  140 
(Myobia).  iqg 
musculus  (Mus),  215 
mutans  (Cnemidocoptes),  210 
■Myiasis,  sg,  (>o,  61,  75,  7(1,  77,  Q3,  gS, 
104,  105,  106,  107,  231 
lar\-ae  causing,  ke_\-  to.  log 
Myolria,  igg 
■Myodopsylla,  i2g 
Myria{)oda.  1 

Xatural  enemies  of  rats.  21(1 
.\earctoj)sylla,  i2() 

■Xeedham,  J.  (b,  14 
neivai  (.\nopheles).  2g,  30 
Xematocera,  5,  6,  10,  4g 
X'eohacmatoi)inus.  i5() 

Xeojrsylla,  12.S 
.Xcotyi)hloceras,  12S 
X’’cr'.-ous  system  of  insects,  2 
Xcsolasoljius,  122 
X'o<;uclii,  II.,  2()4,  27: 

Xon-bitiiiK  .Muscidae,  So 
Xon-bitiiiK  stable  lly,  S3 
Xon-parasitic  artliro[)ods,  how  they  cause 
disease  or  injury,  231 
norvcKicus  (Kattus),  213 
Xor\va\'  rat,  213 
Xotio[)sylla,  125 
Xotochaeta,  go 
Xotoedres,  20S,  210 
Xuttall,  Cl.  II.  I'.,  1S3,  227 
Xycterido])sylla,  I2g 


.\'ym|>hs  of  .\c;irina,  177 
.\no])lura,  143,  14S 
('ime.x,  163 
Ticks,  I So 

( lilted  pupa,  2 T 

occidentalis  (.\noph.eles),  2g,  30,  3S 
( I termacentor),  103,  194 
( fccijHit  10.  63,  I r 2 
ocellar,  bristles,  62 

triaiif'lc  or  plate,  <>2 
Ocelli,  4,  3S,  (■>2,  1 1 2,  143,  17b 
ochracea  (SarcojihaKa),  g3,  97 
Ochromyia  (see  Hen<;alia). 
Odontopsyllus.  123 
Oeciacus,  13S 

Oesophagus  (see  alimentary  tract). 
Oestridae,  S,  73,  log 
"enera,  key  to,  73 
Oestrus,  73,  77 
Oilin<;  in  malaria  control,  232 
when  to  discontinue,  254 
Oncopsylla  (see  'rrichopsylla ). 

Oncsia,  100 
Onion  maftftul-.  loS 
Operculum,  143,  14S 
o[)ifcra  ( Sarcophasa ),  94,  93 
( )rbit,  63 

Ordinances,  guide  for,  antimosquito,  271 
rat  proofing,  309 
Organ  of  Herlese,  162 
Oribatoidea,  iSo,  203 
Oriental  cockroach,  16S 
orientalis  (Hlatta),  168 
Ornithodoros,  1S4,  1S6 

species,  .\merican,  key  to,  iSS 
OrnithopsN'lla,  121 
( Irtalidae,  S,  io() 

( )rthopodom_\-ia.  27,  28 
Orthoptera,  ifiS 
anatomy  of 

alimentary  tract,  1 7 1 
mouth  parts.  169 
sali\'ary  glands,  1 7 1 
description  of,  i9S 
diseases  spread  by,  172 
eggs  of,  i()S 
eradicat ion  of,  1 72 
habits  of,  ibg 
s])Ocies  ol,  i()S 
( )rthorrhapha,  3,  10,  33 
osborni  ( lindcrleinellus),  133 


MS 


( )si  ini(lao,  n.  <'i 
iHohiiis,  iSS 

< Uodix  ti's,  ’oi) 

('vimis  ( Mi'lophaf;us),  i i i 

< )\  i])(isitor,  7 

o\  is  (( )csti  us).  77 

pachypnu  ta  {Sar('<>|)liai;a).  o,^,  u(' 
I’alacopsx’lla,  ijS 
palli'sccns  il-uc'ilia),  lo,^,  104 
Palm  rat , ’15 

|)al])alis  ( ( ilopsina),  S7.  282 
I’alpi,  I.  ij,  24,  ,44-  ,■!»•  5.V  <><>■  >'4.  114, 
170.  171.  I 75,  177,  1 7S 
Panironia.  47 
l’ani;oiiinai“,  47 

papatasii  ( Plik'hotonnis),  52.  270 
I’apiT.  stick_\'  I’or  Ilii'S.  S4 
Pa|)pataci  l\‘\'C’r,  27() 

l ausativc  aftent,  270 
roiitrol  (if,  280 
cpi(k-mi()loi7\’  of,  jyi) 

])(.'rio(l  of  incubation, 

Phk'botomus  ll\'  and,  27(4 
r(.'co"nilion  of,  270 
source  of  infection,  270 
transmission  of.  270 
Paraceplialon,  n.s 
Parafacial  area,  (14 
Parafrontals,  (14 
Parapsyllus,  124 
Parasites,  arthro[)od, 
accidental,  241 
definition  of,  241 
ectoparasites,  241 
endojiarasites,  241 
how  they  cause  disease,  242 
permanent.  241 
Iiseudojiarasitism,  241 
temporary,  241 
Parasitidae,  182,  202 
J’arasitinae,  202,  204 
I’arasitoidea,  180,  182,  202 
Parasitus,  205 
Pariodontis,  121 

liassularum  (Car])of4l_\'phus).  207 
Patton,  W.  S.,  225,  22().  227 
jicdalis  I Linofrnathus),  151 
Pediciniac,  140,  144 
Pediiinus.  144 
Pediculidae,  144,  144 
Pediculinae,  144,  140,  144 


Peiliculoides,  206 
Pediculopsis,  206 
Pediiulus,  144,  140,  144 

(orporis  and  humanus,  differences 
between,  14(1 

diseases  transmitted  by,  149 
habits  of,  i4() 
penetrans  ('I'uny'a  1,  140 
]ieniculata  (Sarco|)haKa).  04 
Periiiatus,  1 
Perijilaneta,  iti.S 
Peritreme.  202 
Perit  ro|)hic  membrane,  74 
jierniciosus  ( Phlebotomus).  42 
jiersicus  (.\rtras),  184 
jiersonatus  ( Rcakn  ius),  1^14 
Phalacropst'lla,  128 
Philaematomyia,  fi8,  yij.  80 
Phlebotomus.  42 
fever,  271; 

Phora,  4(; 

Phoridae,  7,  41; 

Phormia,  c)0,  104 
Phorminae,  go 

l’hos[ihorus.  as  a rat  jioison,  404 
Phrisso[iodia,  ejo 
Phthirpedicinus,  144 
I’hthirpediculus,  144 
Phthirus,  140,  144 
Ph\'lum  ,\rthropoda,  i 
Pierce,  W.  1).,  227 
Piireons,  tick  of,  i8() 

Pi.umeophorus,  206 
pilatei  (buciliaj,  104,  104 
]iiliferus  (Linoftnathus),  140 
piloselkis  (Cimex),  14(1 
I’iophila,  (11,  log 
pipiens  ( C'ulex),  41,  40 
pi|)istrelli  (Cimex).  14(1 
Piro])lasma  canis,  i ()() 

Pipunculidae,  8 

Piro])lasmosis,  canine,  carriers  of,  uji.  igf> 
Playme  (see  also  bidionic  phiKue). 
bacillus  ol,  288,  2()() 
bubonic,  281) 
forms  ol,  288 

.4uide  for  formulating'  a rat  ]iroofmg 
ordinance.  40(1 
|)neumoni(  , 400 
septicaemic,  288 
Plasmodia  of  malaria,  240,  248 
life  histoiyv  ol . 244 
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Plates,  accessory,  qi 
facial,  64 
f:enovcrtical,  63 
paracephalic,  65 
pleural,  144 
porose,  17S 
sternal,  144 
ventral,  176,  1S8,  iSq 
Pleura,  ’ 

Pleural  membrane,  3 
plates,  144 

plinthopysa  ( Sarcophaga ),  g7 
Pneumonic  plague,  300 
Pneumonyssus,  203 
Podapoli]uis,  207 
Podotlirombidium,  202 
Poison,  rat,  305 
roach,  172 

Pollenia,  98,  qg,  106 
Polleninae,  gg 
Polyctenidae,  158 
Pol\i)lax,  153,  156 
Pomace  flies,  61 
popoffana  ( Steringomyia),  102 
Porose  areas,  178 
plates,  178 

portoricensis  (Aedes),  45 
Postscutellum,  13 
praetiosa  (Hryobia),  200 
Prescutum,  70 

Preservati\es  for  insects,  222 
Prestomal  teeth,  67,  143 
Pretarsal  sclerite,  145 
Prevention  and  control  of  malaria,  240 
area  to  be  controlled, 

Proboscis  (see  mouth  parts). 
Proechino[)hthirus,  154 
Proenderleinellus,  155 
Proso[)odectes,  208 
Prosopolepis,  26 
Prostigmatic  mites,  180,  igq 
Protocalli[)hora,  qg,  106 
Protoi)hormia,  100,  105 
Protracheata,  i 
Pseudoparasilism,  231 
[)seudopunctipennis  (.\no])heles),  2q,  3 
.IE  .17 

habits,  38,  242 

Pseudoi)yrellia  (see  t'ryiitolucilia). 
Pseudot racheal  membrane,  53,  67 
Psorophora,  27,  28,  45,  7!) 

Psoro[ites,  20() 


Psycliodidae,  6,  5 i 
Pterophthirus,  155 
Ptilinal  area,  64 
suture,  4,  64 
Ptilopsylla,  129 
Pubic  louse,  i4q 
pubis  (Phthirus),  149 
Pulex,  1 21,  132 
Pulicidae,  132 
Pulvilliform  empodium,  5 
Pulvillus,  5,  176,  178 
punctata  ( Haemaphysalis),  igi 
punctipennis  ( .\nopheles),  29,  30,  31,  3 
37 

habits,  37,  242 
Pupa,  coarctate,  75 
obtect,  21 

of  .\edes  aegypti,  25 

anopheline  mosquitoes,  25 
Chironomidae,  50 
Chrysops,  58 
Culcx,  25 
Culicidae,  20 
insects,  3 

muscoidean  flies,  74 
Psychodidae,  51 
Simulidae,  50 
Siphona[)tera,  iig 
Tabanidae,  57 
Puparium,  75 
Pupipara,  6,  1 1 1 
Pycnosoma  (see  Cochliomyia). 
Pygidium,  116 
Pj’giopsN'lla,  125 
Pygmodis[)us,  207 

quadrimaculatus  (.Vnopheles),  30,  31,  3 
34 

habits,  34,  241 

cpiadrisetosa  ( Sarcophaga),  03,  97 
(,)uinine  pro])hylaxis,  261 
(juinquefascialus  (Culex),  31,  33,  40 
habits,  41,  277 

Rabbit,  louse  of,  151 
tick  of,  iqi 

radicum  (.\nlhomyia),  108 
Raillietia,  204 
Rat  proofing,  306 

by  elevation,  306 
concrete  used  in,  306 
of  l)asements.  306 
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Rat  itrodfinn  of  ohicki-ii  000])^,  307 
city  sewer;;,  307 
(loul)le  walls.  307 
freight  cars,  30S 
ships.  30S 
stahles.  307 
walls.  3oh 
wharx'es.  307 
wooden  lloors,  307 
ordinance  for,  300 
thickness  of  lloors  in,  30^1,  314 
Rats.  213 

diseases  of,  215 
economic  considerations,  216 
ectoparasites  reported  from,  217 
ileas  of.  133.  134,  13S,  140 
habits  of.  213,  214,  215 
louse  of,  1 3 1 
mites  of,  204.  210 
natural  enemies  of,  216 
plague  and,  2Sq,  200,  203 
plague  in,  2q() 
poisoning  of,  303 
trapping  of,  303,  304 
Rat  tail  lar\  a,  (>o 
Raltus.  213.  214,  213 
rattus  I Rattus),  214 
Rece[)taculum  seminis,  117 
ducts  of.  T I 7 
rccinus  1 Ixodes),  189 

Rectal  j)a])illae  or  glands,  iS,  36,  73,  116, 
i()3.  171 

Rectum  (see  alimentary  tract). 

Red  s[)iders,  igc) 

Reduviidae,  164 
Reduvius,  1(14 

Red  water  fever,  carrier  of,  190 
cause  of,  I ()0 
rellexus  (.\rgas).  1S6 
regina  fl’hormial,  <)9.  103 
Relai)sing  fever,  321 

c;iusati\e  agent  of,  321 
control  of,  323 
epidemiology  of,  321 
intermediate  hosts  in,  321 
louse  and,  321 
[leriod  of  incubation  in,  321 
recognition  of,  322 
ticks  and,  321,  322 
transmission  of,  321,  322 
Res|)irator\-  system  of  insects,  2 
restuans  ( ( ulexj,  33 


reversa  ( Sarcophag;i).  03 
Rhadinops\  lla,  i 23 
Rhinolopho|)svll;i,  130 
Rhipii entor,  1.S3,  k).^ 

Rhi|)icephalus,  1,83,  i()3 
Rhop:dops\  lhis,  i 24 
Rh\'nchoprion  (sec  'I'unga). 
Rhyncopsylla  (see  I lectopsylla). 
Rhyphidae,  () 

Rickettsia  (|uintana,  3i() 
prowazeki,  313 
Robber  dies,  sej 
Robertson,  II.  AbCi.,  2()2 
Robinson,  L.  11.,  227 
Rocky  Mountain  spotted  fe\  er,  324 
causative  agent  of,  324 
control  of,  326 
epidemiology  of,  324 
period  of  incubation  in,  324 
recognition  of,  323 
source  of  infection  in,  324 
ticks  and,  193,  324 
Rodents,  313 

and  plague,  289,  290 
naturally  infected  with  jilague,  212 
rodhaini  (Hengalia),  106 
Roof  rat,  213 
Rooseveltiella,  i 21 
Root  maggot  (lies,  roS 
Rostrum,  63,  1 14 
Rothschild,  X.  C.,  136 
Rothschildiella  (see  Rhopalopsyllus). 
rotundatus  (see  hemiiiterus). 
rubrofasciatus  (Conorhinusj,  163 
rudis  (Rollenia),  106 

vSabethes,  26 
Sabethini,  26 
Sabethoides,  26 
salinarius  (t'ldex),  31,  33,  41 
Salix  ary  canal,  10 
Sali\'ar_\-  glands, 

hibial,  3(),  74 
of  .\carina,  177 
.\no])lura,  [44 
Cimex,  i()3 
('ulicidae,  18 
insects,  2 

Muscoide;in  Hies,  73 
( Irthojitera,  i 7 1 
Si|)hona])ter;i,  [ it) 

'I'abanidae,  3!) 


I N'UEX 


346 


Salivary  f^lands. 
of  ticks,  170 

parasites  of  malaria  in,  ’45 
try])anosonK’S  in,  283 
Salt  marsh  mosquito,  44 
salva  (Sarcophafta),  ()6 
Sand  dies,  50 

sanguineus  1 Rhipiccphalusj,  i()5 
satifjuisuKU  ( C'onorhinus),  165 
sapphirinus  fUranotaenia),  32,  47 
Sarcophafia,  qi,  03,  04 
species,  key  to,  94 
SarcopluiRidae,  8,  qo,  91,  [09 
description  of,  91 
genera,  key  to,  90 
habits  of,  93 
larvae  of,  03 
Sarcophaftula,  90 
Sarcopsylla  (see  Tunf;a). 

Sarcoptes,  209 
Sarcoptidae,  181,  208 
Sarcoptoidea,  181,  205 
Sarothromyia,  90 
sarracenioides  (Sarcophaga),  93,  96 
savignyi  (Ornithodoros),  174,  187,  188 
sayi  (Psorophora),  31,  32,  47 
scabiei  (Sarcoptes),  209 
Scabies,  209 
Scab  mite  of  sheep,  210 
scalaris  (Fannia),  107 
(Trichodectes),  151 
Scales  of  mosciuitoes  (see  setae). 
Scatophagidae,  8 
Scenopinidae,  7 
Scenopinus,  59 
Schizophora,  5,  8,  60 
Schizotrypanum  cruzi,  284 
Scii)io,  155 
Sciuridae,  218 
Scorpions,  174 
Screening, 

against  house  Hies,  84 
in  malaria,  262 

pappataci  fever,  280 
yellow  fever,  260 
Screw  worm  lly,  105 
scrofa  ( Hy|)opelta),  95 
Scutellum,  12,  71 
Scutum,  71,  175,  177,  r78 
Sectioning  insects,  226 
securifera  (Sarcophaga ),  <)6 
Sensory  |)late,  1 1 () 


Se[)sidac,  8 
Se[)sis,  hi 

sericata  (Lucilia),  103,  104 
Serpenticola,  204 
serratus  (Polyplax),  151 
Setae,  3 (hairs,  bristles  or  scalesj. 
of  Aedes,  43 
Anojiheles,  34 
Cimex,  1(12 
fulex,  39 
mites,  I 76 
mosciuito  larvae,  18 
mosquitoes,  10 
muscoidean  flies,  (>2,  70,  71 
Psychodidae,  51 
Siphonaptera,  118 
Tabanidae,  55 
setigera  ( Sarcofihaga),  95 
Sewer  rat,  213 

Shannon  K.  C'.,  25,  99,  100,  103 
Sheep  " louse,"  i r i 
“ tick,”  1 1 1 
Sheep,  louse  of,  1 5 1 
scab  mite  of,  210 
Shields,  ventral,  176 
Ship  fever,  315 
rat,  214 

silacea  (Chrysops),  57 
Simulidae,  h,  50 
Simulium  reptans,  50 
sinensis  (.Vnopheles),  243 
sinuata  (Sarcophaga),  94 
Si[)honaptera,  112  (see  also  fleas). 
Anatomy  of 
abdomen,  116 
alimentary  tract,  n6 
genital  organs,  female,  117 
genital  organs,  male,  117 
head,  112 
legs,  it8 

mouth  [larts,  1 14 
thorax,  ii() 
classification  of,  1 19 
eggs  of,  118 
eradication  of,  140 
genera,  key  to,  120 
lar\ae  of,  1 1 8 
|)lague  and,  2811  to  293 
pupae  of,  I u) 

Sleejiing  sickness,  .\frican,  281 
causative  agent  in,  281 
control  of,  282 
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Slcrpinp  sukiu-ss,  cpidcniiolo.uy  ol . .’S’ 
tlirs  and.  -’Si . jS.’ 
pcrii'd  of  i iiniiminiiahilit y.  .’S_’ 
period  of  ineidialion,  -’S’ 
reeoynilion  ot.  ’Sj 
soiiree  ot  iiifi'Ctioii,  -’S’ 
lransniis>ion  ol.  jSi 
Soleno|)tes,  151.  155 
polliiitans  (.\edes),  ,ii.  44 
Spalaeopsxlla  (see  C'lenophtlialnius). 
Sperinatheea,  117,1  70 
Sjiiders.  1 74 
SpilopsN'llus,  I 22 
Spines,  of  fleas,  1 1 S 
Spinning  mites,  ’oo 
Spinose  ear  tick.  187 
Spinturnicinac,  202 
siiimilosa  1 I’oix’plax).  151 
Spiracles,  breatliiny,  20,  74.  ii(>.  i44- 
It)-’.  177 

Spirochaetosis  of  fowls,  carrier  of.  1S5 
Spurs,  3,  57 
Sfiuamae,  5,  72 

S(|uirrel,  California  ''round,  21  S 
fleas  of.  137,  i3() 
louse  of,  1 53 
[ilaguc  in.  2()S 
Stable  fly,  Sti 
stabulans  (Muscina).  85 
^tabularius  (Laelajisj,  204 
Staining,  223 

Sieiromyia  fasciata  (see  ae.irypti  (.\edes)). 

Stem  vein.  72 

Stenistomera.  127 

Stenonotus  (see  Ceratoph_\-llus). 

stenopis  ( l.ino^'nalhus),  131 

Steiiofionia,  127 

SienopsN'lla  (see  iJoratojisylla ). 
Stephanocircus.  12(1 
Ste[)hanopsylla,  i 2(1 
Sterin};om_\ia,  100 
Sternites,  2,  3 
Sternopsx'llij.  i ’() 

Stlieno]i_\'ya,  01 

Sticky  substam  e to  catch,  tlie>,  S4 
rats.  304 
Stiirmal  jdates, 

of  fly  lar\  ae,  74 
t i(  ks,  1 7() 

Siiiimatii  openinjrs  (see  >piracle>.  breatli- 
iiif4'. 

St iles.  ( . I 70 


Stimson,  M ..  -’(>4 
stimulans  ( l-\  perosiops),  Sij 
Stink  elands.  i(>.’ 

St ipes.  I 70 

Slit  I . I '.,  k ..  2 2~.  24.'' 

St  is  alius,  i 25 
Stoma,  (17 

Stomach  (see  alimentars'  tract). 
Stomows.  ()S,  ,So,  .’’(i 
Stratiom\iidae.  7 
St  raw  itch,  205 

strieimaculata  ( .Xnojiheles).  2().  30 
Stvecromvia,  So 
St  \ le.  4.  I I 7 
Subcostal  win.  14.71 
sclerite.  72 
Subepaulet,  72 
Submentum,  171 
subrostrata  (’rrichodectes).  150 
Sucking  louse  of,  ass.  150 
cow, 151 
dog,  150 
goat,  151 
hog,  151 
horse,  150 
man,  145 
monkey,  150 
rabbit,  15 1 
rat,  15 1 
sheej),  151 

squirrel,  ground.  133 
Sugar  mites,  207 
suis  ( llaematopinusi,  131 
Suljihur,  as  insecticide.  142,  i()3,  173 
in  acariasis,  210 
suturalis  ( Cnderleinellusi,  133 
SN'Karum  (Lucilia).  103 
s\'Kestris  (see  \ e\ansi. 

S\'mphorom\  ia,  30 
Syr|)hidae,  S.  ()0 

'I'abanidae.  7,  33 

alimentar_\'  tract  of.  33 
anatom\'  of,  external,  33 
ilassit'uation  ol,  37 
eggs  ol , 3(1 
genera,  key  to.  37 
larvae  of.  3(1 
pupae  of,  37 
salivarv  glands  uf,  3(1 
wings  III , 33 
Tabaninae,  37 
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'I'abunus,  57 
Tachinidac,  S 
Tadpoles,  25c) 

lacniorliynclnis  (Acdcs),  31,  32,  45 
talaje  (Ornitliodoros),  187,  188 
Tanaupodus,  201 
tarsalis  ( Ilistiotoma),  207 
tarsimaciilala  (Anoplicles),  29,  30 
liahils,  38,  242 
Tarsoncnioidea,  206 
Tarsonemus,  207 
Tarsonomidae,  181,  203 
Technique,  219 
Tegula  (see  epaulet). 

Telson,  144 
tenax  (Kristalis),  60 
Tergitcs,  2,.  3 

terraenovae  ( Protophormia),  105 
territans  (Culex),  31,  41 
testaceus  (Culex),  31,  33,  42 
Tetragonyssus,  203 
Tctranychidac,  182,  199 
Texas  bedbug,  165 
Thaumaps>lla,  129 
Thelodiscus,  91 
Thervidae,  7 
Thorax, 

Cimex,  160 
Culicidae,  12 
divisions  of  the,  2 
insects,  2 

(Muscoidean  flies,  70 
of  .\n()j)lura,  142 
Siphonaptera,  116 
Tabanidae,  55 
Three  day  fever,  279 
Ticks,  177,  183 

anatomy  of,  177 
argasid,  185 
collecting,  219 
dissection  of,  224 
examination  of,  223 
ixodid,  188 
j)reser\ation  of,  222 
Tipulidac,  4,  6 

tlalzahuatl  ('J'rombiculaj,  201 
'Pop  minnows  in  mosquito  control,  256 
Tracheal  oi)enings  (see  spiracles,  breath- 
ing). 

Transverse  imi)rcssi<)n,  64 
suture,  4,  70 


Trajiping,  fly  larvae,  83 
house  flics,  83 
rats,  303,  304 
roaches,  172 
Trench  fever,  319 

causative  agent  in,  319 
control  of,  155,  319 
delousing  in,  155 
epidemiology  of,  319 
louse  and,  319 

period  of  communicability,  319 
period  of  incubation,  319 
recognition  of,  319 
transmission  of,  319 
Triatoma  (sec  (ionorhinus). 
Trichodectes,  130,  131 
Trichopsylla,  124 
trigonum  ( Kuthrombidium),  201 
Trombella,  201 
Trombicula,  201 
Trombidiidae,  182,  200 
Trombidioidea,  181,  182,  199 
'rrombidium,  202 
Trypanosomes,  281 

carriers  of,  87,  281 
Trypanosomiasis,  .\frican,  281 
South  . American,  284 
Trypetidae,  9,  109 
Tsetse  flies,  87,  282 
Tsutsugamushi  fever,  327 

causative  agent  in,  327 
control  of,  328 
epidemiology  of,  327 
Kedani  mite  and,  327 
period  of  communicability,  327 
period  of  incubation,  327 
recognition  of,  327 
.source  of  infection,  327 
transmission  of,  327 
tuberculatum  (.\mblyomma),  197 
tuberosa  (Sarcojjhaga),  93,  9(> 
Tularaemia,  283 

arthro|)ods  and,  283,  286 
causative  agent  in,  283 
ei)idemiology  of,  283 
jieriod  of  communicability,  283 
period  of  incubation,  283 
recognition  of,  286 
source  of  infection,  283 
transmission  of,  283 
Tunga,  12 1,  130 
'rungidae,  130 
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turii  aUi  ' ( )i  nilluiil(>r<>s),  i SS 
I'ydcus.  174.  U)() 

I'vphloci'ras.  1 -'(> 

'rvi>lilolliroml)i(liuni.  201 
'I'v|)lu)i(l  It'vcr  and  llii’S.  .’42 
'F'vplu'iii  llv,  Sj 
'Pypluis  iVwr,  415 

causal ivi-  a^U'iit  in,  4 1 5 
control  of,  4 1 <S 
dclousiii"  in.  1 5^),  4 1 S 
epidemiology  of,  4 1 5 
lice  and.  415,  4 1(1 
period  of  communicahilily,  414 
|)eriod  of  incuhalion,  415 
recoijnition  of,  417 
source  of  infection,  414 
transmission  of,  414 
Weil-l-'elix  reaction  in,  417 
Pyroirlyphidtie,  iSi,  207 
Tyroglypluis,  207 

Unci.  14 

unicolor  (Lucilia),  104,  104 
Uranotaenia,  27,  2S,  47 
Uranotaenini.  27,  47 
Uropodinae,  202,  204 
Uropsylla,  124 
utilis  (Sarcophaga),  q7 

variahilis  (Dcrmacentor),  ig: 
X'arialipes,  207 
\'ascular  system  of  insects,  2 
Wins,  of  wing  (see  wings). 

W-ntral  plates  or  shields,  17O 
ccntricosus  1 Ilaemodipsus),  141 
(Pediculoides),  204 
venustus  ( 1 termacentor),  104 
\'er  du  Cayor,  io() 

\'ermipsylla,  124 

W-rte.x,  10,  ()2 

W-rtical  bristles,  f)2 

vestimenti  (see  cor[)oris). 

vestitipennis  {.\nopheles),  2q 

vexans  (.Vedesj,  41,  42,  44 

X'ibrissae.  (14 

s'icarius  (Oeciacus),  149 

vigil  (Wohlfahrtia),  94 

violacea  (Sepsis),  (n 

\iridescens  (C'idliphoraJ,  loi,  102 

\ituli  (Linognathusl,  141 

\-omiloria  (Callipliora),  102.  104,  104 

\'id\  a,  117.1  <)2,  I 79 


walkeri  (.\no])liele.s).  40 
W arble  Ilies,  74 
W'arburton,  Cecil,  227 
W'jitson.  Malcolm,  227 
W'eil- helix  reaction,  41  7 
Wharf  rat,  214 
Wlu'cl  bug,  I <14 
wheeleri  (Compsomyiops),  (jo 
Wherry,  W.  li.,  2.S4 
While  rat,  2 1 4 
Williston,  S.  W.,  227 
Window  ll\'.  40 

Wing  \eins  and  cells,  terminology  of,  14, 
14.  t.s 

Wings  of 

Chironomidae,  40 
Culicidae,  14,  24 
Diptera,  4 
IIemi|)tera,  148 
insects,  2 

Muscoidean  flies,  71 
Orthoptcra,  168 
Psychodidae,  41 
Simulidae,  40 
'habanidac,  44 

winthemi  CMargaropus),  191 
Wohlfahrtia,  go,  94 
Wood  tick,  192 
Wyeomyia,  2(1,  28 

Xcno[)sylla,  121,  144 
Xesto[)sylla  (see  ICchidnophaga). 
Xi[)hiops\llus,  124 
Xylol  and  carbolic  acid,  221 
Xxdol,  clearing  agent,  221 
Xylomyiidae,  7 
Xylophagidae,  7 

Yellow  fex'er,  2(14 

.\edes  aegx’iiti,  habits  of,  2(14 
causiitive  agent  in,  2(14 
control  of,  298 
epidemiology  of,  264 
mosiiuito  and,  264,  2(14 
ordinance,  antimosc|uilo,  guide  for. 
271 

period  of  communicabilit  2(14 
jieriod  of  incubation,  264 
ri'cognition  of,  2(1(1 
source  of  infection,  2(14 
transmission  of,  2(14 
\\'rsin’s  si'iaim,  2i)(i 
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